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The Court is respectfully requested to disregard the 
underlinings, marginal notations, asterisks and other mark- 
ings of plaintiffs’ counse appearing on the pages repro- 
duced in the Joint Appendix. 
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FLAY SPRAYINS Exon YO Ae 
bac peo Gaeth oe “TALLIC CosPoun 
FOR v3 COMOSlIcs 
a 
This 19 a continuation-in-part of. copending | ‘a 
yes * 
~~ applications, Ser No, 72,543 Liled Nove.’ ar RAT 1¢6 
: : ST ee 
Sex fit Ko. 134, 544 filed August, 16, 196}*; Susie Nd. 237,764 


? 
pew ales. 


filed October 26, 1963; and Serial No. nS i.ied et.7) - 
gucty 10, 1964, i 

This invention relates to the {lace ssre;in. of 
evotheralcally reacting intercetallic conpourée forcing - 
posites, The invention more particularity velates ts tir 
flacze spraying of flame spray materials in the Suen of cite 
posites containing two or more corpurents wich will ¢:>- 
thermically react with each other during the 8:ra,in., 
forntok one or wore intermetallic compounds, 2°: to ao yoy’ 
Broup of such composites including powders and wir:-. 

Flame spraying involves the feeding of 2 necte 
fusible matcrial into apheating zone, wherein the sare ig 
“melted or at least heat-softoned, and then prop2lled {roa 
the heating rone in a finely divided form, penerally o:co 
Surface to be cagted, 

The material being sprayed fs generally fed fr 
the heating zone in the form of either a pow or OF @ tir 
{the latter tera designating both rods ond wizes). Tic 


- spraying is effected tn a device known as a hent-62% 


«De 


material spray gun or a flane spray gun. 
In the wire type flame soray gun th: roluor wire 


‘of the material to be sprayed is fed in : “ 
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together finely divided catertal, or by torcing togcetaer 


F €N2? 


forted by a Flame o. Sune ty,., store 1t ccat<: oF at 
least heat-softcned and atomized, usually by dlast gr%. arc 
thence propelled in Finely divided form onto the surfa.< to 
be cuated, The rod or wire may be a conventionally forx¢ 


rod or wire o* a metal, or may be forced by sirtecring 


finely divided materfal by means of a plastic birder or 
other suitable binder which disinco.- cates fa the ticat of 
the heating zone, thereby réleasing thc xaterlal to be 
sprayed in Einely divided form 


For spraying finely divided, i.e., powecres 


material, a ,owder type flane spray ‘gun is used in which 
the powder, isually entrained in a carrier ge:, is f<d isto 
the heati:; one of the gun formed by a Elaze of sore tyr. 
The powder i: either melced or at least the surface of t'c 
grains heat-roftened in this zone, and the ths tscrc2'*, 

conditioned rarticles propelled onte a surface to provic: 

a coating. In the powder Cype Spray gn as HO “atovis! 


energy is required, a separate blast yas is often cioperscc 


with, though the same may be supphied in order to aid i 


accelerating the particles and propelling thor award the 

surface to be coated, | 
Tne blast gas may be provided for both the 

wire type and powder type guns Co perform the acd{it{oral 

functton of cooling the workpiece and the costing bet. 


formed thereon. 


The heat for tha heating rore is most cancerly 


«2a 


~r', 


ne 


32> teeta at 


* 
* 


a 
. 


> Meioe saat MAR 


» 
. 
pe eg * 
ba «J iss wy 


S. 


Be 

( 
| E 603 
produced from a flame caused by the combustion of a iuel, 


such as ocetylene, propane, natural yas, or tite Lik, using 


oxygen or air ad the oxidizing agent. The heat cay, trot, 


also be produced by an ¢inctrical are flame or, in Che renet 


type ef guns, by a plasca flame. Tie plasza flame ray tt 


itself constitute part of an electric arc, or, in eccor-ance 


with a newer development, may be in the forn of a “c¥ec 


plasma stread', jt.e., a stream of plasas which ray be cove 
sidered independent of the arc as it docs not contr: ate to 
the electric flow between electrodes. | 

Heat-fusible materflal spray guns utiligi:s: 
electric r-sistance heating or induction heating as ti: heat 
source have also been proposed but have not proven con. re 
cially successful except ir onnection with tre epray!ng ¢° 
low melting poirt metals, such as solders, l¢7d end sinc. 

Fleme spraying in the initial stapes ef ite 
commercial developaent was used mostly for the spray':3 06 
various metals and was often referred to as sétallisir;. 
However, the art of flace spraying extends to t gprs yiv 


of a wuch wider group of materials, ineludiry 


point or refractory metals, ceranics, cerzcts, ard the 1%s<, 


and sucli materials are of inecreasi:, curxcrefal inte.cor. 
In the case of spraying heat-fusible cater{[s.9 
in the initlal form of a rod or wire, the re¢ or wires iS 
generally of a single composition, 1.e., in the fors of 
a specific metu., ‘loy, ceramic, or the like. “Gxtic °° 


is true that rods or wires formed from firely eivides 
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bet ieee 


material bound together with a binder 9= 


like, as mentioned above, were known, ti.° birder pororally 
did mot take part in the spraying or centy lute to tae 


eat er fenton s tli.e 


coating, and ecrely served the purpose of raittaicens 


os GAS 


rod or wire in shape until fed into the heating fence 


In the ‘case of flaze spray puvters, while 
posers forr-ed of several constity HtS wert “NOs 
saze were weaecally in the form af a aes minccre 
individual constituents or, at best, a fs ticle ee ae 

One object of this invention is the siray.r 


of the heat- fusible material in a noved for: +. 


the obtaining of superior results. 


A further object of this invertion is 3 trovel 


group of flame s;ray materials. 


These and still further ebjcets will Gecoas 


apparent from the following «vscription res- 


with the drawing in which: 


Fig. i diagranzatically shows, @ croc paveces ius 


nan 


of a grain of novel powder in accorcsrse with the invent 


Fig. 2 is a cross-section cf a further e.). +. 
ment of an aygreyate grain of novel flai:e sprdy POwee F 2i 
accordance with the invention; | 

Fig. 33 is a diogramaatic cross-section oc 4 


embodiment of a novel Llane spray wire in eccures: 


the invention; 


Fig. 4 shows & cross-section of a Curtis 
enbodiment of a novel flame Boray wire in aczord@.ce 6.04 


the invention; and os 2 


nel 


in canjurss..- 
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Fig. 5 shows a still further enbodizent of a 


novel ro spray wire in accordance with the invention. 
In ‘accordance with the aN deca the flaz 
apraying is effected with the heat=fusible material in the 


form of a composite containing at <eake two coxponents 


oa 


which will exothermically react with cech other at the 


Ae * 
weet. 


temperatures developed during the spraying, forming, an 


intermetallic compound. 


2 ue 
Depttity oa laine 


The term “composite” as used hercin 13 intended 


ae 
= teeehes 


to designate a structurally integral unit ard cocs net 
include a mere mixture of components which aay be phystccaily 


separated without any destruction-of the structure. Thus, 


ink 


in the cate of powder, the term “composite” coos not ire 
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ie CA 


cluce a simple mixture of individsal granmales of the ac, irate 


‘6 


conpunents, but. requires that each of the individual gra:cies ay 
contain the separate conpenent® which will exothersicaiiy 


". yeact, forning intermetallic compounds. In the case of 


4 
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wire, the individual comporents aust te incorporated in a 


Peed Bn 


single wire. In the composite the componerts must be fo 
intimate contact with each other. . 

- In connection with powders, cach grain may 

consist of an aggregate containing the two coxmponents wuiech wii 
exothermically react, ives the intermetallic compound, 

but preferably the individual grains of the power are in 

the form of a clad composite consisting of a ruclece of one 


of the compovents and at least one coating layer of th 


other component. Alternatively, the cosposite may consist 
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components and a core of a third material, a wire formed 5) 


at 


E $0 


of separate, concentric coating aayees of the two conpons 
ents and a wustous of still a third material. 

In the case of wires, the cos:posites cay be in 
the fore of a wire having e coating sheath of one material 


and @ core of the other, alternate coating sheaths of fe 


twising or rolling separate wire strands of the conporints, 
a wire consisting of a sheath of on comrpcnent and a core 
containing the other component in powcr or competted icra, 
a wire consisting of a sheath of one comporent end @ core 
containing a compacted powder mixture of this sacc ccxporent 
material and one or more other éjuponents, a wire consisting 
of a plastic sheath and a core containing @ comnacte? powder 
mixture of components, ete. 


‘Im order for the wires to be satisfectory {or 


2 
= 


spraying, the same must not cavitate at tue tip ween hiatc: 
and should preferably be capable of forming a pointed or 


slightly tapered ety when being mektes and sprayed. 7.368, 


Lad 


if the wires have an outer layer or cheath of one cor sucr 
and an inner core of another component, the inner ecr+ 
cannot have a lower melting point than the outcr sheat, 
as otherwise the inner core will initially cc ott, e4u8°°2 
cavitation at the tip. For exazple, if the wire is <2 773+ 
of nickel and aluainua as the cxothersicaliy reacting 2c. 
ponents and is in the form of a core with a ceatirg enecat, 


the core aust be nickel and the coating sheath eluni: .4, 


M. 
ne 
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as otherwise during the Spraying the core will initioit: 
melt out, causing the cavitation whith will inte: 
a@ satisfactory spraying operation, The «tire hivirg the’ 


melting-point characteristicn sv as tu allow t’« ia 3 ting 


off of the tip witheut this cavitation, is referred te 


. 


2 


herein and in thgfetalus as."nonecavitetin: wire.” 


fie & 
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As the components any two ectallics whieh xcy 


. 


be melted together to form an intewuetallic ect: 
exothermic reaction may be used. The comso:cnts shou 
release about 3000 calories per gram ates, 6: 


at least 750 calories per gram stom in the 


reaction forming the intermetallic conncusds. 


£ 
‘ 
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“calories per gram avom" as used herein denote: 21. nusber 
wo of gram calories which the average atazic weight in gross 

.of the interretallic compound foraed will gorerate in ce 

being formed, While the coaponents are preiersily > 

in the stoichiometric proportions regufred for £28. 2. rcs 

tion of the intermetallic compound, it is, icvever, peectble 

to also have an exccss of one or the other provided the 


relative amounts are sufficient to release the quantities 


of heat indicated above in the foraation of the intcertctallic 


compounds, 


An extremely large nuaber cf metal comzcrerts 
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are known which can be melted togethcr in an exoth rate 


reaction, forming an interoctallic co--cund with the génera- 


tion of heat. Any of these componcat pairs may be utilized 


Wt 
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in accordance with the invention, it only beir. reoetrc: 
x < 


ate 
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“that. tire sane be capable of ets initially forced’ into the 


compos ite suitable for ‘spraying, ut that the intersctallic 


et compounds formed therefroa liberate the required. exdunt of 


“heat in. the Snternevallie ie semaiaiaiaaueamaea ard are suit- 


. able as eonponenté of a sprayed coating. AS a: gcnerel rele, 


_ components which will form intermetalli¢ compounds heving 2 


higher melting point will liberate sufficient heat to be 
useful in accordance with the invention. In cortain instances, 
however, components which will form interceteliic compouc:is 

which ¢ co not have as high a melting point, ‘will also livercte 
“sufficient heat in the exothermic reaction and ue be useful. 


"wee A 


Preferred components are aluainum with at least one of Co, 


Cr, Mo, W, Ta, Nb, Ti, wr most preferably Ni; or silicon wita 


at least one of Ti, Nb, Cr, W, Co, Mo, Ki or Te. 


“a t _ While fron itself is not a satisfactory corporer:, 


the same may be present in addition to another coxzponent, 


_which in itself is satisfactory, such as in the fora cf cr 


" glloy therewith. This other component, however, ast te 


present in amount sufficient to form the intermetallic cc: 


pound with the other component of the couposite, with the 


gencration of sufficient heat to aid the spraying operation. 


Thus, for exaaple, tron which just contains enouyh alloyed 


‘nickel to render the same rust-resistant, does not conta.n 


enough nickel for an effective exothermic reaction -:it> 
aluminuz. Generally an alloy of nickel and iron t°* con- 
tain at least about 127, nickel for this purpose. 


Fig. 1 shows a composite powder censisti:, of 


_ @ nucleus of aluminua and a coating layer of nickel. Fi. 2 


E 609 (15172 | 


oe : 
oe pene an sagvennnt of these conponents; wed Figs. 3, 4, end i 
5 show various foras of vire-containing these components, 
- Pig. 3 showing a wire having an aluatnum core with a nickel 
“sheath, Fig. 4 showing a wire made of alternate strands of ve 
ntckel and aluctinum wire, a8 for exanple 18 18 strands of 
25 gauge (. 019" diameter) nickel wire carde-?, and 19. strands 
- of 25 gauge aluninum wire marked? ; and Fig. 5 shows 8 sheaths 


of aluminum Filled with granules of nickel and aluaios. 


garam 4 ae wt. Ene Oe Se ae a 14 
ge terre 


Waere one of the component cotals is peattaie 
as a eetal hydride, the same may be used in thts fora rathee ° 
’ than as a metal per sc. ‘When flame sprayed the hyerugen Eas 
' evolved From the hydride produces @ reducing atcosphere, 
which in turn suppresses oxidation of the inter=etallic 
"compounds during and imaediately aiter their formation. 71.us, 
for example, in place of titaniua, nshaiien hydride may oe 
"used as one of the components. 
: Also for the purpose of reducing oxidation a 
- metal hydride, such as titanius hydride, may be added in 3 
minor amount to the other components. Thus, for exanple, 
7 - 10% by weight, and preferably R - 5% by weight, based 
—- total of the hydride and sities components, aay be usc. 
In addition, the powder gramles end the wire 
may contain other conventional flame spray components, OF 
be sprayed in admixture or in conjunction therevith. Tous, 
for example, the coated powders may additionally contain 
"ether coating layers of other flame spray ¢osponents or cay 


contain a nucleus of another flame spray material with 


oQea 


Pt . 
a bd eee 
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alternate coating layers of the componants vhich will. exo- 
‘thermically react, forming the intersetallic.. In a siniler 
' manner, the aggrogates or the ‘vires —_ contain further. 


" flame spray components, and in the case of powders,. the 


_ flame spray powder. 


“vention, may be formed in bie known or desircd manner, and 


ail 
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same may additionally be adaixed with any other ‘desired 
_ The clad powders, in accordance with the ine. 


preferably by the known chenical plating processes, in 
which coating aaterial is deposited on a seed or rucleus 
of another material, or in which multiple layers of various 


eaterials are built up on the seed matcrial, or in wach 


 varlous materials are co-deposited in a single layer on 


“he nee material. 

A mode of fc .ming the clad powders involves tae 
depositing of # mctal from a solution by recucticn on @ 
sced or nucleus, such as by the hydrogen reduction of © 
ammoniacal solutions of nickel and aciaoriua sulfate on a. 
secd powder catalyzed by the addition of anthraguinsue. Lt 
is also possible to fora the coating by the uce of other 
known coating processes, such as coatir.g by vapor deposi- 
tion, by the thermal decompositions of netal carbonyls, by 
hydrogen reduction of metal halide vapors, by ther=al 


deposition of halides, hydrides, carbonyls, organo metas, 


. or ether volatile cospounds, or by displacenent gas rletirs 


and the like. 
| A preferred and greatly simplified code cf’ 

forming the clad powders in accordance with the inventic.: 

210- : 
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is the depositing of one component as ad Weekes in the fora 
of a paint on. the other componcnt. ‘Thos, one of the 
: _ eoagenenke which: is to form the coating or. claiding, may be 
“diaporsed in finely divided form in @ binder or lacquer $0 
as, tn effect, to form a paint in which’ chis component . corres | 
ponds te the pigment. The paint is then used’ to coat core 
particles of the other slr anaeccs and the binder or lacquer 
tek to set or dry. The binder material is sestucwsiy a 
resin which does not Asgend ew aetuent eveporation in order 
to form a dried or set film, and which filo will decozzose 
or break down in the heat of the sprayirg proccss. Tho 
binder, for exanple, may be ‘ phenolic varnish cr ery otler: 
known or conventional varnish, preferably containing a resin 
as the varnish solids. The compcaent which is initially 
mixed with the binder or varnish should prefe rebly ta as 
finely divided as possible, as for exs=ple a3: 25 GiSiie Th: 
other component which constitutes the core @aculd be .- tox 
imately or only slightly below the perticle size ultizs-c'v 
desired for the spray powder. The coating of the core 
component with the “paint” may be effected in any kasca of 
desired manner, and it is sicply necessary to cix the td 
materials together and allow the binder to dry or cet, — 
wiich will result in a fairly free-flowing povwcer esnsist~ 
ing of the core component coated with a clatcirg of the 
ether component bound in the binder. 


The aggregates may be forzed by co=pactirg or — 


-ll- 
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briquetting the. weriees adapenents into the individual 


granules, or inte larger aggregates and then bresking these 
aggregates into the granules. 
The wires may be formed in the known conventional 
"manner tor Seiutng wires with various ecaponents as, fcr : 
example, by shrinking a sheath en a core, by forzing the 
Fae. core with powder, by twisting the comporent wires, followed 
| ‘by rolling, drawing, swaging, or the like if desired, 
| In accordance with one mode of movufacture, 
one of the components may be formed into a tube or sheath 


' and filled with a powd-- -f£ the other component or a poster 


Tit ".4 + comprising a mixture of the two components, ot. containing 


additional components. The tube ends ere then sealcd an3 
the wire reduced to the desired wire diameter by swaging, 
rolling or drawing. Preferably the powder er powder mixture 


is first compressed into cylindrical briquettcs before 


being placed in the sheath or core. The sealing of the 
tube ends after loading with the powder or powcer mixture : 
' can be effected, for instance, by insertion of a plug, for 
| example of the metal of the sheath, by welding, twistin:, 
ee ” eximping, or the like. 
: : Powders in accordance with the invention should 
eee have the general over-all shape and size of conventional, 
| flage-spray powders, and thus for example shovld have a 
eke size between 160 mesh and +3 microns and preferably ~149_ 
oe mesh and +10 microns (U.S. Standard screen cosh size). ‘Most 


a a iar preferably the powder should be as uniforz as possible in 


grain size, with the individual grains not varyfrg by core 


ok _. gham 250 aiecrons and preferably 75 microns 


“ Go tigi? 
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Depending on the particular fleac spray process 
and the desired purpose, the composite powders tay be - 
sprayed per sc or in combination with other éifferent 
composite powders, or sys combination with other conventional 
flame spray powders or powder components. 

While’ the powders are preferably sprayed, as. 7 
such, in a powder-type of flame spray gun, it is aleo 


‘possible to combine the same in the fora of a wire or rod, ; 


4 
ee 
7 7; 


using a plastic or similar binder, which decomposes in the ~ 


© eras 


‘ L 


heating zone of the gun, or in certain cases the pcwders s 


may bé compacted and/or sintered together in the form ofa « 


i rod or wire. The wires cust have the comventional sizes 
and accuracy tolerances for flane spray wires, and thus for 2 
i ed 
example may vary in size between 1/4" - _20 gauge, and a 


4: the ni 4, 
a preferably of the. followisis sizes: ane"? re sBu23" 


(4 1/3" 4 -0005" » 4h gauge! = i+ 0005" - ae ‘and 15 gauge *+. 001" 
+0025 0025 


ee > 


-with a smooth, clean finish free Sis surface rarks, vue 


' or defects. ‘The wircs are sprayed in the conventional tcnncr, | 


pte Taw , 
uP ot io sen conventional wire-type flame spray guns. 


Pah In combining, in the exothermic reaction, formirz 
tee the intermetallic compound, the components generate heat i» 
sifu_in the actual materiel which is to form at leest a pier 
of the coating. This ar to be distinguished fron flane-spray i. 
‘processes and materia)s in which heat is generated by a 
reaction, such as an oxidation reaction, in which a foreicn : 
“and non-metallic element is introduced and in which uncecire 
able components may be produced. Aéide from greatly con- 


tributing to the thermal efficiency of the process, the 


~~ E 614 (3543; 
beat ‘penevaced in sit situ in the forzation of the irterssetailic 
‘ conpound produces novel results, in many Siatenees forcing 
aa “l > * @ denser, more adhering coating, having characteristics cf 
| ac least a partially fused coating. In many instanccs ‘ise 
oe fe coating has sel f-bonding characteristics, co that srecial 
ret oe .. surface preparation, other than a good cleari-y, is hot 
ce required. The spraying in all other resrects is ef 722tcd 


' 


in the SHaTenEtonns , mation « Banner, using eénv. 3+ ion 3! 


*-* - 


ies Spray equinnent, and the convent! 4: sak cuciece pre:-.<e- 


. feo ~~ 


ation may be utilized, 1€ desired, The corposites in s..c. le 


ance with the invention may be sprayed in conjineito- witli. 
_ Or in addition to, other flane (Spray mat.rials corverti n+ 
fe fa 7 ally used in the art, or may be sprayed in corbirat! : 


i." +2). gonfunetion with the others. 


composite may be sprayed per se, but gencrally at lesct 


ie oe Os The use of the composites as, for cxanclc, t-: 
Ae . nickelealuminua composites, will generally improve the bund 
' . @f£ the total sprayed material, and thus of the other cs-- 
: . ponent or components to the substrate, conetimes making the 
mixture self-bonding. The particle bond will be {rproved 
: ‘and the coating will be denser, so that its fracvosity -ay Le 
decreased, In gencral, as little a3 10% by Weiphe ef tue 
composites in accordance with the invention will be sufcictecne 
i a ‘ to substantially improve the bonding character istics ind 
i ° aoe ‘decrease the porosity of other flare Spray wateriels, such: 
ce oe Sa conventional flaisc spray metale, alloys or cera:..c’ 
. * There is, of course, no upper Limit on the amore, a’ 
' 
i 


- about 20% by weight of the other corronent is regetrci fe 


~ © @ig 039i” 


: ‘this component is to have a pronounced effect on the chor- 
oy - acter{stics.of£f the coating. 
The following examples are given by way of 


illustration end not limitation: 


a AL 


(a) An alualnua powder having a particle 
size between {140 mech end #325 wesh (U.S, Stancard 
screen size) is costed with nickel in the know 
manner by the hydrogen reduction of an az-orisccal 
solution of nickel and ammoniua sulphate, usin: 
+ : | ‘nthraquinone as the coating catalyst, The = luce 
‘3 tion is effected at a temperature between about 


300 and 350° F. ina mechanically agitatcd ‘auto- 


‘ é clave using solutions containirs 49-50 grants per oy 
auc - liter of nickel and 10-400 grass per liter of 

a (Sil,) 950, and 20-30 grams-per liter of Miz, Abeut 
¥ a a iene wee Liter of anthraquinone is uscd cs the : 
ted 4 oe cacsions ard the autoclave is pressurized with : 


hydrogen at a pressure of about 300 lbs. p.s.i.g. 


After the nickel solution is depleted cand the - ; ‘ 


“ed ee 2 aluminum coated with an initial coating ‘of nickel, 
a , a a the solution is discharged from the autoclave ard 
ee replenished with a fresh solution which necd not 
ret contain further amounts of the anthracuincne 
“4 : at coating catalyst, on ie initially foraed nickel 


_ coating in itself acts as a catalyst. The cycle i 


is continuously repeated until a composite power 
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es is formed containing about 16 to 13% by wef ht 
ited aluminua and 84 to 82% by welstit of nickel, 
aa Sa and a size of 7100 to 4270 cesh, 
i . te Ae A | The snibey Clee formed is flaze-sprayed on 


a mild éteel plate which has been surlace-cleancd 


with emery cloth. The spraying to eff.cted at 


about 9 inches from the plate, using 7 powdcr- 
type flace-spray gun a8 described in U.S. Paten: 
2,961,335, issued Kové4ber 22, 1960 and sold by 


Metco Inc. of Westbury, Long Isle-!, uncer the 


trade name of “Ticrmospray” powder gun. The 


Sprayiny, is ef{{acted at a rate of 6 to 3 lis. 


of powder per hour, using acetylene ‘yas as the 

ww fuel at a pressure of 10 p.s.i. pee flow rate 
of 17 to 25 cu. ft. /hr. and oxygen as “22 ov!ldélce 
ing gas at a pressure of 12 p.s.i. and a flo» 
rate of 29 to 35 cu.ft. /hr. 


— 


The nickel coating and the alunmirus base 


- 


t 


coabine in the heat of the flame with a stron 
‘i en * ot exotherate oetion, forwing a aixture of rict«1 
: : at idan intereetallic compounds which dvrosit 
po Sy om the base.as a dense, high quality coctirg 
which exhibits self-bonding characteristics, A 

; Paes coating Levee of 002" = 004" thickness is 
built up in this manner. The coating 23; Le 
used as a base materfal for spraying of further 


layers of diffcrent m:talis or the like, ard 


@] ,° 
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Borves as an excellent interucdiate bondiny 


layer. 


The coating layer may also be built up to 


&@ greater thickness as, for example, 010" « 2029", 
for use as an oxygen barrier undercoat, or to even 
greater thickness as, for exanple, 020" = -040" 

or thicker ae a wear-resictant é oxidation-resistart 


fh : 


surface, 


ek guerre ARENT, ee 


fn ental, feek me 


ew "Hue tO 1t8 self-bonding characteristics 


the sprayed coating will adhere to a base withot 
the conventional surface preparation or reugtening, 
and duc to the natural characteristics of « eprayed 
material, will allow further materials to be sprayed 
thereon with good bonding. The coating forme. fron 
the powder has excellent oxidstion-recistent ehcr- 
acteristics even at high tecperaturcs cod ir ox4id- 
izing atmospheres, and will for exassle pravent t.'.e 
oxidation of base materiale, such as colybdersn cr 
the like. The sprayed coatings may be uscd as e 
lining in metal-melting crucibles or colten esta)- 
handling, equipment, and will rot be wetted or 
penetrated by many molten metals, incluticg sell- 
fluxing alloys. Coatings foracd of the sprayed 
material also show good potential as hiph terorve 
atura, wear-resistant coatinzs. 

When the exarple is repeated cn a tolyboc is 


rod of 3/15" diazeter, with a coating betucen .o1u" 


© 
™ “E.61g €16.:2 


“ 012" thick, the coated rod say be cesses 
heated to approximately 200° F. in air, in an 
electric furnace and cooled to. room teapcretur 
vith no visible oxidation occurring. 
Similar easulte may alto be ovcained ££ the 
coaposite powder contains 10 * 45% by vedo at of 
aluminua and 55 + 90% ae votshe of nickel. 


ee Example 1a), is repeated, using, however, 


cobalt in place of the nickel. Coararsble results 


are obtained. 


(c) ook 1(a) is repeated, USINg bibentus 
hydride (TiH,) powder in place of tha aluminum env 


in an amount of 25, - 85 weight hs and prefccably 


Sash - . 85 weight % of the total. The coating forme. 
upon ‘Spraying is hard and dense, iced when sp 
on a smooth, pressed and sinterec “A125 £2o6eaCe, 


an excellent bond is formed. The sp:iying gay be 


Q 


effected with an oxygen-hydrogen or oxyseneacotz ica 
ee 
ie - gxAigng 2 <4et 
3 , Example 1 is Papearee with the eayioe 
bathe effected in turn on ‘the followirg bases and 
: prepared in the following manner? 
Low alloy ‘stcels and stainless ste: is, 


ce .. gmootheground to remove surface contenination; 


copper and copper base alloys, rough-ground or 


i 
i 
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light-grit-blasted; aluminum and aluninum base 
alloys, rough-ground or Lightegrit=blasted; 
magnesium, rough-ground or light-crit-blasted; 

and titaniuna, rough-ground or lightegrit bissted. 
? In each case when a further ‘caterial, such 
as steel, alunina or the like, tas sprayed over 
the coating in the conventional amd well knaen 
manner, the same was bonded with a teracicus bend, 
though if this a had been initially syouyed 
‘on the surface as prepared in the carncr indicatec 


- above, a sitisfactory bond would not be obtaizc 


Sas : 
wt 
EXAMPLE 3 A Ee eo 


The nickel-clad powder of Example 1 is mixed 


Ler 3 


with an Al,0, powder having a particle size Yetwer - 
62 microns ard 10 microns, in the ratio of abeut 
40% of the nickel-clad powder Wid GO% by wot he of 
the eevinic. The powder is sprayed, using ths gun 
described in Exarple 1, om a niid tech plate WRLC? 
has _been-surface-cleaned by smooth gtinding. Spray 
ing is effected at a distance of about 9" from the 
plate at a rate of about 4 to 8 lbs. of powder por 
hr., using acetylene at a@ pressure of 10 ibs. p.s.i. 
and a flow rate of 17. - 25 cu. ~ft./hr., and wicca s 

at a pressure of 12 petete Benes rate of 295 « 


35 cu. Fe. /hr. 


A & ssiboondinn cermet coating is formed wii. 
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showed excellent thermal shock-resistance, hardness, 


Bee re . 2 . * . gbrasion-resistance, and which strongly inhibited 

- | b hE ie . a ’ a oxidation of the base. ) 

ys i a “e! ; | It is possible to vary the percestages of the 
tee is ce : ceramic in the mixture between 5 end £5% in order 


to vary the properties of the saactee. With an 


a. : re | increased azount of the ‘intermetaliic compound i 
-% the cermet coating formed, the bonding and therncl 
! ' - ghock-resiscant properties increescd, whereas with 


an increased amoune af the cerazic, the harcness 
and wear-resistant propertics of the coating are 


increased and the thermal cohductivity decreased, 


ae EY! MELE , tH 
to Exasple 3 is repeated, usin; the following ; 
materiats in place of tue alualrua cride: 


Zirconia, calcium zirconate, maznesiua 
nirconate, Seteil. ceric oxide, hafnium cxice, 
va “ ; . rire earth oxil:a, solyt¢e: cua disilicide, tungstea 
ie : foe - gsiteide, chrosium silicide, titanium silicide, 


tun gten carbide, titanium carbide and chromiua 


g oes oe ; . : - : : 
ee : 

‘ e. 4s : t i 

ee a car ide. 


see. In each case an excellent coating was forced. 
ae Se eee | 

vt “| : EXAMS. 5 oe 

ye ' ; A nuclev3 of silicon powder 1s coated with 


nickel to form a nickel-clad flame spray powder . 


2 

{ 

ras, 

Ne 
ee ‘ yaving a particle rize between 100 end 325 aes 

j 


J , W. ae 246%: 6 
E- 62a¢+¥+ 


5 
vo 


© i ai : 
and containing 75 - 85% nickel based on the 


_silicon-nickel total. The cemposite powder is 
Sprayed with the flame spray gun described in 
Example 1 on a steel base preneen by lightly | 
grit-blasting, using the spraying. conditions «s 
described in, Example 1. During.the scraying 
silicon combines with the nickel in cn exotheratec 
reaction, greatly enhancing the thermal efifcieacy. 

o£ the spraying and precucing an excelicnt coating. 


° 
ee . ‘ 
EXAMPLE 6 e434, - 


Titanium is coated with nickel as cost: lb-d 
in Exazple 1 to produce a powdar lsvins a particle: 
size between 100 and 325 “ee and thevetnien pe 
to 50% nickel based on the ciecoden-ntckat tetas. 

The nickel protects tho titania fron cxt~ 
dation during storage and when spraying. 

Upon spraying in the manner desezibted in 
Exauple 1, on a base material prepered Sy grite 
blasting, the nickel and titaniva cecbine exo- 
thermically in the flame to form a corrosicn- 
resistant coating comprising a nickel-citsntu> 


intermetallic compound. 


é ° A PB IIIOBED GP DR PAL ONE eg ty Duy ae Maer BBL te tas tN ge 8s 
means 2 


EMA Ft fe 
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Telluriusa powder was cozted with copper 
80 as to form a composite having @ perticie sice 


between 100 end 325 mesh and containing S50 to 


Ln 


: * 80% copper based on the telluri 


upon the combination of the cop 


— 
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un-copper total. 


nasoeell -oraying in the manner described in 


Example i, on a base material prepared by grit- 


blasting, the copper and tellurium coazine to 


form a new material. 


During the spraying heat was evolved 
per ond ecttertm, 


increasing the thermal economy of the process. | 


i 


; EXMPLE 8 oS 
The nickel-clad flere spray powder of 


Example 1 is mixed with about 20% by weight of 


low pressure polyethylene powder and molécd «@ 


a temperature of about 212”. F. into tee fora 


Y of a rod of 1/8" diameter. The rod is arrayed, 


using @ conventional wire-type flanc spray gyn 


sold by Metco Inc. of Westbury, bere-isiand, as 


the Meted=type h- “EB Gan. The sprayirg is effected 


with acetylene at a preseure of 1S p.s.i. and @ 


flow rate of 37 cu.ft./he. with oxygen as “oniddae 


ing gas at a pressure of 38 p.c.i. and a flow 
rate of 75 cu. £t. /hr; with air as a binst §as 
at a pressure of 40 p.s.i. ani a flow rate of 


25 cu. EC. Jain. The end coating preuuced is 


satis: to the coating produced in. Exzsple 1. 


neo 


EXAMPLE 9 2 fr. tom 
A wire is formed by encasing a core of 


nickel in a tube of aluninua and drawing to & 


’ 

' . ote 

* : 

ing 

. , ’ 
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37 cu. £t./hr, with oxygen as the oxidizing gas 


" curft./min. The end coating procuced is ime 


_ ilar to the coating produced in Exacple 1. 
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size of .125" in diameter plus or rirus 002". 
The wire contains 82 to 84% by weight of nickel 
based on the aluminum-nickel total, 

The wire is sprayed, using a conventional 
wire type faze sprey gun sold by Metco Inc. 
of Westbury, penectsic, as the Netedstype 
4-E Guns Spraying 1s effected with acetylene 


at a pressure of 15 p.8.1. and a flow rate of 


at a pressure of 38 p.#,i, and a flow rate of 


75 cu.ft./hr. Air is used as a blast gas ata 


_— 


pressure of 55 p.s.i. and a flow rate of 30 


~~ 


‘Similar results are also obtaired uring 


‘3 
55 « 90% by weight of nickel fin the wefre, 
*% 


AYA 10 +/L 4 
u A! 


A composite wire is formed by winding 


indivicuel wires of nickel and alustnia "oe forn. 


a Stranded wire with a dlemcter of .125". plus 
or minus .002", The wire contzire 55 to 79% 
by weight of nickel based on the total Ale™t. 


The wire is sprayed in the manrer deeerited in 


Example 9, with identical conditions e::2 


coating resulting. 


A silicon powder having a particle size 


 ” F 
Bo . : 
Bee ers alld 


7 ae between 140 and 325 mesh is coated with coly\enun 


_ in the known manner and @ coicposite pouder is 


am Bese formed containing about 35 to 39% by vcipht of 
“4 i ‘silicon and about 61 to 65% by weight of zolyb- 
rok oe ‘ denum, end a size of 100 to 270 mesh. 

4 * : The powder thus formed is flase-sprayed 


on a base material which has been prepared by 


light grit-blasting in the manner described in. 


Example 1. 


, oe. The molybdenum’ coating and the silicen 


base combine in the heat of the’ flere, forsing- 


~ 


a | "golybdenue silicon inteructallic which deposits 


on the base - a dense, high quality coating 
which exhibite excellent resistance to oaica- 
feb > tion at elevated temperatures and will protect 


the base material from oxidation. 


; a! ; 
. % ee ' F i 
Eee ee a EXAMPLE 12 A, | 
; fe ; : o 4 molybdenum powder having a particle size 


range between 140 and 325 mesh is cuated with 
- a silicon in the known manner and a composite powder 
is formed containing about 35 to 39% by weight of 
silicon and about 61 to 65% by weight of rolyt- 
denum, and a size of 100 to 270 mth. — 
' The powder thus formed is flace-sprayed or 


@ base material which has been prepared by Light 


Nw 
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gets-atecting, The sprayics is eficctc. at 
five inches from the platc, using @ powe-F 

plasma flame-spray gun sold by “ztco In-:. of 
Westbury, bermmisirid, ure Yat; minder the trate 
name of Type 245 Plas: fla Lt Adi ine tern, 
is effected at a rate of six to nine Lis. Of 
powder per hour, using a atature of acyg7n and 
hydrogen gas as the plasta 239, with argon at a 
pressure of 100 p.s1. ond o flea rate nf LI: 
cucft./hr., and hydrogen at £0 peSei. and a five 
rate of 25 culft./hr., usir’ ar;on as ti 
carrier ;28 at 100 p.s.{. and @ "lew anie of 
1S cu. ft./he., using a standard electro 
et |e ee nozzle, and using ara curser’ 
“amperes at 57-62 volts. 

The molybdenua base and siliccn coating 
combine in the heat of the flane, foratng a. 
, molybdenaa silicon intermetallic which «.r2eits 


on the base as a.dense, high quality coat'ry 
which exhibits excellent resistance to oxi¢as 
tion at high temperatures and wiil protect 


the base material from oxidation. 


$ t 
at ~~ 


EXAMPL 13 
A silicon powder having a particle f:ce 
between 140 and 325 wesh is coates with chron 
{um in the known manner, and a comoocite fsowcce 


is formed containing about 43 to 85% chroafim 


% 


Fi 


UY ; ae E 626 reat 


and 15 to 52% silicon by weiz;ht anc a size of 


100 to 270 mesh. 


The powder thus forned is flace-spraycce 


on a base material which has been pr:; 


‘Light grit-blesting in the manner ccssclcd in 


Exanple 1. 


-28¢ 


Tne chroaiua coating and the silteor 


combine in the heat of the flacse, f524::, @& 
chromiua-silicon intermetallic which dc-osits 
on the base a8 a dense, higa quelity certirs 


which exhibits excellent resistince to onieetion 


e-«6 
at 


at elevated temperatures ard will — =: 


base matcrial fro2 oxidation. 
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A chromtum pewder heving a pacticle #i:c 
between 140 and 325 cesh is coated with eilteon 
in the known manner, and @ cocnosite powder ic 
formed containing about 48 to 85% chromfua and 
15 to 52% silicon by weight and a eise of 1090 ta 
270 mesh. 

The powder thus formed Is fla=e-sprayed 
on a base material which has been prepared by 
light grit-blasting. The spraying is efliected 
at about five inches from the plate, using 4 

powder type plasca flane-spray gun soid by 
oe Metco Inc. of Westbury, Long: Island, lise York, 


2 : : : ; 
be under: the trede naze of Type 2:3 Plas:ta Fla=c 


¢ o26- 


fis. The spraying is effected at a rate of 

six to nine lbs. of powder per hour, using ergon ons 
ae the plasma gas at a pressuce of 100 9.8.1. and 
a flow rate of 110 cu. ét./hr., using argon as the 
powder carricr gas at 100 p.s.i. end a flow rate: 


-_ 
of 15 cu.ft./hr., using a standard electrode and 


"\" Avpon nozzle, and using arc current of 429-500 


_amperes at 57-62 volts. 

Tac ducal base and silicon costing cox 
bine in the heat of the flate, fornin: s carcziua 
silicon internetallic wnich dcposits on tre tase 
as a dense, high quality coating which ¢xsit te 
excellent resistance’ to oxidation et high te-rere 
atures and will protect the base material fror 
oxidation. , 


& ——eery > | 2 
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A zirconium powder having a particle size 
between 140 and 325 mesh is cocted with chroriua 
in the known canner and a coxposite powcer 18 
forned containing eboaut 45% zirconiua and 507, 
chromiun by weight and a size of 169 co 270 
sesh. 

The powder thus forced ls Flaze-sprayed on 
a base material in the manner described in Eka--le 


1. 


A 


The chromium coating and the zirconius base 
combine in the heat of the flac, foraing a chro=- 
ium zirconium interzetallic which ecposits on the 
base as a dense, high quality ccating wich ¢xe 
hibits excellent resistance to oxidation at high 
temperatures. 


rCwOoeoen) 
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A titanium powder having a particle size 


é 


' 
AF bis 


ad 
— 


range between 140 and 325 mesh ia ccatecs with 
silicon in the known manner ond a corpocite powccr 
4s formed containing about 35 to 6S% titsrius ard 


“e 


35 to 657 silicon by weight end a size o% 1C9 to 


270 mesh. 


The powder thus formed is flaze-sprayed et 


a base material which has been prenared by Pl uat 
griteblasting. The spraying is efficicd at a’.aur 
five inches fron the plate, us-r5 4 pewcor tye 
plasaa flane-spray gun sold by ?.<co Inc. of 
Westbury, borates, New Tore, under the trace 
nase of na 2B Placma Flee Ean. Tae Spray 6 
{sg effected at a rate of six to nine its. of 
powder per hour, using argon gas as the plaza 
gas at a pressure of 100 p.s.i. and a alow race 


of 110 cucft./ir., using aryon as the pou-sr 


a 


carrier gas at 100 p.s.i. ard a flow rate of 
15 cu. ft./hr., using a stancord electro ce ard 


"p" Argon nozzle, and using are current c. 


2 


aera - 
oe ht Sh ile ca 


ee a) 
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400-500 azperes ot 57-62 volts. 

The titantluna base and silicon costing 
coubine exotheraically in the heat of the fla, 
forming a titanium sitions intcrmatailte which 
deposits on the base as a dense, high quality 
cuating which exhibits vieeltent resistence to 


oxidation at high temperatures and will protect 


the base material from oxidation. 


-~a 


evAigT 17 As 4 

A dysprosium powder having a particle size 
between 140 and 325 cesh is costed with siurtitecn 
in the known manner and a coxposite powder {s 
forced containing 60 to 75% dysprosiux and 23 te 
40% aluninum by weight and a size cf 195 to 270 
nett: 

The powder thus formed is flame-spreayed on 
a base raterial which has been prepared by light 
grit-blasting in the manner described in E.:acrlc 
1. 

The aluminum coating and the dysprocium base 
combine in the nian of the flame with a strong ¢xo- 
thermic action, forming a dysprosiua alunines inter- 
metallic compound which deposits on the base as a 
dense, high quality coating which exhibits excellent 


properties at high temperatures, 
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rieyoutg tf 19 Ce ee 
A lanthanus powder havirg a part! sic 


¢ : 
GQ. a2. 


between 140 and 325 mesh is codted wits 
i 
in the known aanner and a composite rower 18 


forsed containing 70 to 733 lanth inst aut 23 
30% alusinum by weight ahd a size of 129 to 27 


me sh’ 
The power thus fursed {8 {lsucesprayed on 


a base material which hos been prepared by urite 


blasting in tne manner dcscribed in * Ans te be 


The alusinum coating and the Lanwhanc2 face 


conbine exothermically in che heat of ti.c f.a.¢ 


with a strong exotaeralc action, forming a 


lanthanva alwsinun intermetallic compound which 


deposits on the base a8 a dense, high qualtty 


coating which exhibits excellent properties at 


high temperaturcs. 


tener oom 
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EXAMPLE 19 Sit 


A chromium powder having & particle s.=¢ 


“ 


between 140 and 325 xesh is coated with ation, 


in the known aanner and 4 coupesite poveer +5 


formed consisting of 60 to 62% chronic: 24 pF 


to 40% aluainua by weight and @ size of 199 to 


270 mesh. 
The powder thus formed is flane-soraycd o> 


a base material which has been prepired by 47+t> 


‘plasting in the canner described in “xcapic 1b. 


i 


j pe OO Ot OA NE RR EO te A Oe sik spec 

i 

‘5 . 

‘ 

" The alucinum coating and the chromty: uc 
i combine in the heat of the {200 wits a st 

7 


exothrraic action, foreling a chrestua sluvks.... 
intersstallic compound which Cssorist: cr °°! 


as a dense, high quality crating 


. melting point and excellent ox!dcarianes. ; : 
tere oe a ‘ 


Exsaple 19 ie rosteated cxeest £222 23: 
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For FLAME SPRAYING EXOTHERMICAUcY 
ACTING INTERMETALLIC COMPOUND 
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April 8, 1965 


ray Hon. Commissioner of Patents 
. 7 i Washington, D.C. 20231 


Sir: . Account No. 02-4740 
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oe the 2stlowlius .eZerences ciced in future Office Actions in 


H the sbova application. Charge the cosc thereof to the above 
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AXES HAXXY ) U. S. patents 
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TXSEAPO, Foreign patents 
2 copies ) 
LXES PHN Literature references 
2 copies } 
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Please find below a communication from the EXAMINER in charge of this application. 


Comn:issionce of Patents. 


Tis application has been exerined. 
Patents cited toshow classificabica: 


3,121,643 2/1964 Eisenberg 117-105.2 
3,135,626 6/1964 Moen et al. 137-105.2 
1,379,063 5/1921 van Alien : 29-191 

Uo ) 2,933,415 8/1961 Homer 29-191 


Restriction to one of the following 
4nventions is required: 

I, Claims 1 to 25, 47 and 48 dram to & 
process of flae spraying, classfied with the Eisenbe=g 
and Moen et al, patents. 

II, Claims 26 to 46 and 49 to 55 drawn to @ 
metal stock materiai, classified with the Van Allen 
end Homer patents. 

The inventions as grouped above are distinct 
each fram the other, because the metal material of Greup pad 
has different utility than that specifically elnined in 
the flame spraying of Group I, Yor exezrple a pericr 
could be used in the fabrication of metal parts from 
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Sir: 
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REMARKS 
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use in the process of flame spraying 28s set forth in tis 
Claims of Group lI. 

While the Examiner in his Action indicates cther 
uses for the natorial outside of the flara eoriv field, 
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material clained in the claims of Creup II caly 
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Please find below @ communication from the EXAMINER in charge of this application. 


Coramissiones of Patents. 


Responsive to the Letter filed November 16, 1965. 


a: le | " additional references made of record: 


117-100 


ie age ie 2,053, 403 9/58 Mackiw et al. 
per 3 ae , 72,884,688 5/59 Herz 75-170 
Pe ae a 42,910, 356 10/59 Grala et al. 75-170 
De eae a ‘L'3,025,182 3/62 Schrewelius 117-195 
eae , 734050, 409 8/62 Bayer 117-22 


Reconsideration of the restriction requircrent has 


been made, but the restriction requirement is deemed 


4 sound, is affirmed and is made final. Wo reason is seen 


| Dae why the product claims could not be used in the way 

oon " guggested by the Examiner. 

Mek The drawing is objected te by the Drafteman as 
informal because one inch border line is required. Ie is 

, admitted for examination purposes only. Correction is 

oa ' gequired but may be deferred until a claim is found allowable. 


The order for correction should be made in a scporate | 


letter to the Draftsman. 
Claims 26-46 and 49-55 are rejected for failing 


to particularly point out and distinctly claim the invention 
as requircd in 35 U.S.C. 112. The phrose “for ia in the 
process of claim 1° should be cancelled. The words “nucleus” 
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paterials not contemplated by the specification. The 


phrases “a material differing from said nucleus” and 


*exothermically react with each other” are functicnal because 
they define the material in torms of the result eesire”, not 
what produces the desired senit. The tert "contzining” 
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leaves the claim open for the inclusion of untcecific 


in major amounts. Purthermore, the ranjc3 of clements 


are unknown in the claims, thus the claims are irdc finite. 


The phrase "listed in Table I above’ is indefinite. The 


above are only exezplary of the present condition of tc claics. 
Claims 26-46 and 49-55. are rejected uncer 35 

U.S.C. 103 as unpatentable over Bayer in view cf 

Schrewelius, Herz, Grala c® al, and Mackiw et al. The 

basic reference discloses exothermically reacting metal 

powders. Grala ct al teaches that nickel and alvin 

are exotheraically reacting elements. Schrewelivs teaches 
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{ that it is old to add boron to flame-spray powccrs. Fer? 
4 teaches that it is old and well known to have powicr 
yee metals for flame spraying in hydride forn. /Mackiv ‘ 
3 et al shows that it is old to form composites of metal 
: | ‘f- powders by having a motal coating covering a metol 
3 nucleus. No invention is sien ts substituting niczel and 


: - 4 "aluminum or other elements known to be exothermically 
| ' geactive in the composition of the basic canal a in 
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4 adding boron & well known fluxing elenent or in havirg 
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the metals in the form of hyérides or in employing the % 
coated composite because all these wee taucht by che 
secondary cetesmens to be old and well known in the art 
and the applicants have produced no new and unobvious 
results. , 

No claim is allowed. 
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flon. Commissioner of Patents 
Washineton, D. C. 


“Sirs 


The following is in respense vo the Cffice fet. 


April 15, LJ66. kindly enter the following = 


ri / / 
Clais 20% lines { and 2, ex:.c22 Mesigants 2OT Use 


Fe ae 


the process of claim 1", line 2, eancel “centaiiins”, &-+ 
tute -- in a forn suitable fer flace spraviic. fo* eae 
line sf atte’ “tyo" insert cemetal ore 
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Clain 27/ tines 1 4nd re tis “guitayls cf = 
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the process of clain 1", line 2, cancel Yeontaininy” Sav 


tute «+ in a form suitable for flame: $ oravias feecta tt 


----—— ooo coun nan! 


/ / 
line 3, after "two" insert e+ metal --. 
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Claim 23, lines l’ and 2, cengel "s: sitadle ‘cr & 
the process of clait 1", line 2, eahcel Weontaianana” 2 


tute -- in a fer suitable for flare foray it: for-t. 6” 
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Clais sy, line of tues insert eoe2t aie 
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Clain 33/ line 2 “seed "a" insert --retal -- 
—— 


ri 
line 3, cancel “material” and supstitute ser tub + 
: As 7 if : “_ 
Claim 34,7 line 2, after “a” insert «+ total e« 
/ 5 f = é ee 
line 3, power “material” and suvstitute e+ rotai e- y 
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Clain 35f/ line agent "eonponents” and substitute 


eemetal nucicus and neta] differins from said nucleus o-, 
I ET ~ TT 
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Claim 30,’ lige 2, after “diviced" inser’ «- retell e-, 
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Clais 40, lines I and 24 cancel "suit-‘Sle fer use 1. 
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Pa 


the process of c'.ir 1", line Ly after “ge-arate" latert <¢ 24 
, ¢ — on _. : ; 
Claian 41ftines 1%and 2, canecl “scitcslc fcr use 
a » 
process of clain I", line 2, after “sevaratc” i- 


Clain 42,’ lines 1-ind 2, cancel"suitadie fer u 
: Lae ra an 
process of claim 1", line 2, afte 
- “ ist — ; , 
Clain 43,~lines land 2, cance) “suitarle for use in the 
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‘ me “ i 
process of clain 1", line 2, after “separate” insert -erstal +-.! 


Claim 44 lines 1 “and 2,“canée! “suitable fer nce in tiw 
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process of clain 1", line 2, after “first” insort eerctal 
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Claim 46,-lines l-and 2; cancel “suitable for use in tie 
* Foi pe 
process of clain 1", line 3, after “separate” irsert --r2t71 <9, 
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Clain ‘ lines 1“and % canc 1 “suitable fer use. in t% 
process of clain fF, line 2 -Eancel “cont ainine" ard sub: 
in a form suitable for flane spraying forzed cf ++, line 3, 


“two” insert «- actal --, 
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PEAKS 

The Official Oraftsran has been revuested to correc: 
the drawine by providing the required boresr line. 

The claims have been amended in an endeavor to cvire 
Come tne Examiner's heen objection thereto as set ferts 25 
the third paragraph of the Action. : 

The desicnation of the metal carpcnents in terz; 


their capability of exothernically reacting by ferzing 8° 


~“« «= 6:2 6 ee 8 Oe 


metallic compound is not believed functionally cvjectiorcils, 


- - 
oO 


Tne entire point of novelty is the forraticn ef tes _ 
composite with the specific election of components riicd ors 


teactive in this manner Materials which will exother=: 


| forming an internctallic cospouad ere well kKaceaA ia the art 


— 


Sulinienantis eerie LAE EACLE AL LDL, 
Within its broadest aspects the invention incluces the ciecti 


of any two such metals. ie applicants have pointed out in * 


“as : 
~ od - 
bag ta n 
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specification that any fetal combinations waich are ciptzlc 
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“ oe 
of reacting in this manneX are useful in sccorcance wita tit ite 


vention and nave given working examples of aizost 200 such cer" 
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nations. A consideration of the principal favolyed in t's ins:* 
ticn in ccmbination with this broad disclosur> sat leece meee | 
of supporting working cxamples should entitic t*: 

the broad claircd terminology. Tie Laariner is 


what metal combinations ho believes are tyeleced 4itain. t. 
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of the claim which are not supported by t..2 spcc.% 


La] 
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whikch would not be expected to be operadvic from tu. 
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/ Tae relative proportions of the cozmyor:nts 
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critical and it is mercly necessary that tie s°'¢ 
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compound. Proportions which will not so resct ere, cf ccurs?, 
_eocceeeaensraremenc mean ont 0 mp - _———~ 


not included within the scope and terminolory c* tis eisivs. -% 
ae ‘ 
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Ihe Exaniner's objections to the r..rase WSistid 6% 


Table 1 as indefinite is questioned, Tsele & dtsns 
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pairs of metal components and it is net seea wet con co i 


with respect te this clear and concise listing. T:e refere= 


o! & 


to Table 1 im the clains is identical as if tis t= 
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ae We 


were listed and incorrorated in the clain.. 


mat 


length of Table 1, tne practicality of iacerser 
rather than repetition can well be arse cinutue 

Tac applicants’ invention a5 set forta in tic ee: 
application is believed to be directed to a major broaht.re 
and pioneering development in the flare sprsv fiele, [flsr2 s-r 
of course, is a relatively old art soing bacn- to tise tury if ' 


century. For a satisfactory flare sproyine precess {Ss is 


necessary that the sprayed coating bonc'or asere to to 


oe 


substrated being sprayec. In orecr to ettain a satisfas 
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ding it has generally been considered necessary to ; 
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roughen the surface being sprayed to such & 2° 
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nn omen Pratt ein manent 


undercuts or cavities are formed into whieh tsa sor: 
particles key and lock. The physical rousica. cr wos 
effected by a severe grit blast rouchening cr 2 Tt (Fs tee 


roushening, or in accordance with one precscure Lb? rec” 
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stippling. This surface preparation treats sik was * 
followed in the flare spraying field until tue discovery 
‘ry, Shepard (one of the coinventcrs herein) that 7° 


the unique preperty of being ale to bend t+ 9 ¢3: 
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without this surface revmrstion (see U.S, Patent 
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i surprisingly and unexpectedly discoveres that if 
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For sone reason the celybdcnum woule c-1cre to & Cices aa2t 


surface with a tenacicus bend and furtucr {lime serny 67% 


could be applied thereover $6 tirat the wolyeccnunm ccule Ce 


as .a bonding coat or treatrent. wits tha advent of iss .~s 

py Mr, Shepard the spraving of the volyvdenunm.boadin , coat 620 7: 
an extrercly wice spread and preferree be aula treatcent ia t 

art. Due to this cnaracteristic of tic otly tn: ef beine sie i 
to bond to tne surface without tae converticras sur. [4 
the rolvbdenum becate known cs a” eifehdacinn” C107 ¢ >: of 


fron the very beginning cf the Placs si tSy 1% 7. 


endeavors were sade t* irorcve tic vin; ec 4 S-Fo*. eli 
to the base and to develop raterials anefer press ogee | 
allow bonding without the conventional surface rou 622 « ae 
the discovery of tacoard that salyaccacc wis seh. ests 2 


constant and extensive reseirch efforts were disectis 2% ..- 


finding further self-voncing asteriaict. In szite of tics. ¢..% 
sive efforts ond the long Felt need in the est =< Mm? 615 *- 
ful in cevelopine a further satis‘actcry gsifesendint FAtSte3s 


until the advent of the iastant invention. 
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matcrial is in the form of a corpesite contcining the t.o =2tt- 
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components which are capsble of exotherrically TO0C* ins tO°S"%..- 
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with the fornation of an interrctallic cozpezad, th? ©3t2r 


is self-bonding when flare sprayed. furthersore t:3 cestic- 
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formed is senerally a superior coating and in e-3t ccses -.*". é 
higher ceiting point and is thus rere resistont thea tis 2s 
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ponents. In connection with this hisier eeitine soirt t..2 ‘“* 
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vention furthermore affords the advantacre of allowing the fls-+ 


spraying of a high¢r melting point coating at 3 lower sprayins 


temperature, 


The applicants’ invention has met with inmneciate ccm 


cial success and materials, f.e. both pewder and wire procures | 
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| in accordance therewith are being sarketed not oaly ss a swostie | 
. ee 
4 7 tute for molybdcnun, but as a caterial fer producing novel nigh | 
; g i urade costings with unique characteristics. | 
‘ 9 : . In order to achieve the effect in ace wreant: with ¢t°: | 

invention the flare pray material cannot be im cue fora ct aS : 
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components physically vouad together im ccitcst, bees ii 
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the components physically bound tocsctucr. Tiss, “5. seo7 ey 
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of nickel powcer and aluainun powcer wil) not os Satrotive ~ 
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Wnile it is «.,preciated that cus to the requsrs sts fer 
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restriction tuo clains being prosecuted are linited 
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nevertheless, in considering obviousness ance’ 35 Uitelsg £54 


invention as 3 wnole rust be ¢iussderee anu usicrs atc Li 


«4 properties which 3 raterial »° Sesse5 must o¢ considere: ia cotere 
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¢ os pining wactner the claired invention would be suvics’ fro7 tc 
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4 ng | att citede [In re Pepescn, 137 usry 43, $0 Com" | 1 
os | A characteristic of the claived flart sorsy rst ae 
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aa accordance with che tovention is its ability tc eas oc 1s 
ee 26 —_ ren RE TE A AID 
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It is suvnitted that such a material would not ue orvicus 


35 U.S.C. 103 from the ort cited hy tie bxer ce 226 65: 
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of the citec reference either sinely o 


a material having this unique characteristic, cf 4 mate 


ite at See 


could be used for the sare purnose as the ecterial_claivea ae 
Furthermore, there is tothing in the citee art waich wewid- 
a material equivalent to the chainec raterial. 
Tne basic reference is tus potent te 
to the formation of a refractory coctineg Ca foes 
use of a Thernit-type reaction, i.e. an oxidation 
accordance with the vayer Cisclosure a centing 15; 


a retal such as aluminun and an oxiss sven Zz 4 


involving the oxidation of tne initial <ectcl 
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oxide forminz the refractory coating. 
enbodizent a mixture of the metal and ne 
Therrit rixture is sprayed on a base 
tennerature to allow Tiernit reaction 
particles ceposit. Tnerait materials 
exothernically react "vy on oxidaticn raactiet 


been known for many years and have never proven 
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cially successful in flare sprayi: 7. 

do not produce satisfactory as-spravee cu 

bonding, In this connection it shoule be ne 

with Bayer the spraying must be eifected on 
preneated to an extrerely high terperaturc 

only occurs after tne dcposit of the nartici*s on thi 


Cne of the advantaces of the flare spray vies: 
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not require a heating of the base and tre coatic 
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with the base remaining relatively cool, Tacre is nethine i. t 
Bayer patent which teaches a composite as clairce and required <r! 
the applicants, and at best there is a teaching. of a powsecr F to 
ture, i.e. tac Thernit mixture. Thus, even followin; the rstics: 
. used by the Exariner in rejecting the claixs and sudstitucins 
nickel and aluninun for the copak extdeeeeal Therreit rixtore, 
| there would merdy fe cuie a mixture ef cluminus. at. nickel pewder 


which, of course, has nothing to do with the spplice* 
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invention and is not the equivalent thereof. still 


whole purpose of the Bayer teaching is the forration cf a re- 
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Schrewelius patent simply relates to a flazs spray mixtyre cone 


taining a wetal component and w separate boren clu pciort, the 
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purpose of the boron component being to flux or reeurs tae oxice 
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compounds utilized as the retal compeaent. Trgre is thus nothin. 

in Schrewelius which has any relation to the applicants’ L>sit 

inventive. concept and apparent ly the references has been solciy 
t cited to show the use of boron i flace spray poveers, prec~ 


pertinent with respect to claim $1. With respect to this cis. 


| however, the applicants ae relying on the basic concept of ti? 


‘ tore i sii eee c 
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composite containing exotnernically reacting interncetalblic ccc) 
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forming components and are only claiming this in cezdinst 
the fluxing clement. The applicants readily acrit that ¢% 
of fluxing elements in flano spraying and more spocificsti- 


oi} knowa in the art. 
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‘also react in this canner. The applicants do not claim tris 


_ $pray caterial. 


“7 spraying in hydride form. 


etaliurgy and not t 


i reference hss actually been cited to show that the hyarice >>> 


+ of zirconium hydride powder in forming a sintered Ni-Alecr cop a- 


h sition. Tne question as to whether it would be chvious to usc 


compound, The applicants readily adait thot this was well ic wa 
the art, as was the fact that other specific netal pairs \- 


known phenomena as their invention is linited to the concert 


: | 
ef combining the metals which are known to recct 2n this menner | 
into the flame spray composite which produces the corpletely 


novel flame spray material. There is, of course, nothing in th 
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prior art which would teach or indicate fhat morely because cor- 
ponents would react in this manner that. they would be useful a5 
flamz spray matérial or that the sane should be corbined in s 


specific form in order to make a@ successful self-bonding flzze 


The Examiner has cited the iicrz yeference as showin 
that it is old and well known to have powdered metals for fcr: 


As Herz prinarily relates to pow. + 
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to flame spraying, it is assured’ taat this 


} used in place of the metal in intermetallic compcund forsaticn. 
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the metal in the form of a hydride, or include a hydride in 


applicants’ inventio d not be considered as the very besic 


oncept of the flame spray composite containing tne rca-*ivs 


on nowhere tauczht in the prior art. 
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Rucleus combinations disclosed by “4 cki ir therzically | i 
wiCicus corbinations disclosed by “lackiw are re_exotherzically ally 
Teactive to forme an intersetall hic con grad ang shere 43 nethine \ 


in the art which saute ‘su rgest the substitution cf such See 
' Mation fcr the combinations taught by Mackin. Furtacrrore, 


by the applicants and.do not have the unexrccted che 
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of the applicants' claimed d powders. Conversely, thers is no 


‘basis tor Suostitution of coated powders for Yaver’s mixture i 
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as al applicants’ clained invention, | 
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NOT Ge 33 TP the remotost sugyestion in any of the ob fosnaiis or an 


thereof, of a flame spray aaterial in the forr of a c-receite cc 
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me 16 | to form an interretaliic compound, This inventive concept of tic, 

tig 17 | applicants has provided a major breakthrough in tho flare 3 a | 
” m : 18 } field and most certainly constitutes an invention ehich ‘is noe | 

ae 20 | protection, - 

us 22 | In view of the above, reconsideration and allowsace 
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' Please find below a communication from the EXAMINER in charge of this apfstication. 


Commissiozer of Patents. 


Responsive to the amencment filed May 27, 19€6. 


Claims 26-46 and 49-55 are rejected under 35 U.S.C. 
103 as unpatentable over Bayer in view of Schrewelius, Herz, 
Grala et al., and Mackiw et al. for the reasons set out in 
Paper No. 6.5. : 
Tho applicants state that their entire point of 

novelty is the formation of the flame spray composite with 

the specific selection of components which are exothermically 
reactive. Page 3, lines 10-12 of the amendment. The 
applicants further argue that unique and unexpected propertics 
which a material possesses must be considered in determining 
whether the claimed invention would be obvious from the 

art eited<” the Mackiw et al. reference teaches that it is 
old to form composites of metal powders by having a metal 
coating covering a metal nucleus. The metals can be nickcl 
and Aiueiowi. The Grala ct al. reference teaches that 

pickel and aluminum are exothermically reacting elements. 
‘AYso, it is pointed out that metals which will exothermically 
‘ react to form intermetallic compounds are well known in the 
ar eat eons art, as the applicants admit on page 3, lines 12-15 of — 
, the ssondnent y/freretore, since it is well known that certain 
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Serial No. 442,727 pa oe 


metals will exothermically react to form intermetallic 
compounds what unique and unexnectcd properties cces the claincd 
material posses that would make it unobvious fre= the art 
citea? Sea page 6, lines 18-24 of the amendment. Since the 
applicants state that the entire point of novelty is the 
formation of the composite with the specific selection ef 
components whict. are ecxathermically reactive it is hele that 
the claimed material possesses mo new and unobvious properties 
that the prior art does not expect. The applicants asin: 
argunents are concerned with the use to which the r.atercial 

is to be put. But finding a new use for An old material is 
not a basis for claiming the material. In re Yheau, 554 9.6. 
14, 1943 C.D. 390. Also, indications of the field of 
contemplated use in the preamble is not a Limitation 

to te considered in the question of patentability. In 

re Hack, 1957 C.D. 334, 721 0.G. 422. 

Claims 1-25, 47 and 48 are withdrawn from further 
consideration by the Examiner, Tule 142(b), as being for a 
nonelected invention, the requirerent having been traversed 
in Paper No.6... 

No claim is allowed. 
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IN THE UNITED STATES PATENT OFFIST.. 3, 
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Serial No.- : 442 727 eas 2 i 

Filed 4 March 25,1965 - Seue “ 

For ee PLAGE SPRAYING: EXOTUCPNICALLY nas TI2S : 
INTERMETALLIC COMPOLID TO}° ANT Co.455iTS 


SH EROSESEESSHOEDEHODOTOSSSE: 


Move=tsr 9, 4-68 | 
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Hon. Commissioner of Patents | 
“Washington, D. C.. - 


oeoweaee a 


Sirs 


The following is sa. respoise to ‘ths erti 
dated September 73, 1966. — exter the foliexis, 27: 


—_. - 5 

Chains 26, 27, 28, 29, 32, 43, 34, 1. Si, 34. 
: — Ow besa aa _ —_ - 

. 42, 43, 44, 46, and S2, last dine | of cach clzs3, acters % 


a  teinnd 6 ew - 


word, add the saviiinn and chars clarkre ue she ebilace 
of generating heat during flaze vwlge ety which $433 th. 5.49 
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to the surface being sprayed, oid 


ida 


RESIAPKS 

Reference is made to the conference ost corsts 
extended by the Examiner, at which. the applicents® faver. icr 

| contripution vere discussed in detail and curing which c-i": 

technical brochures and prosotions! material istued by th 

epplicant “with reference to the presently cerearciaily &-) 7 

. embodivents of the invention were presented to the “ran..cF. 
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"As discussed at the conference, mez? of t:7_ set 2 


disclose 2 composite powder or other conzosite sulgri te °:z.— . 
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spraying fereed af the two required conponents whic) are =f: 2 >: 
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of exotheraicel ly reacting with eech ether forming a= i-**t- { 
, oe 


p iy 
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wetallic compound. The Msckiw et al reference “mention of a alusigus | 
j and nickel is merely a mention of these components, dm large. 1453s | 
qf compou unde with no teaching or indication of the selection of } 
| these individual Components fron these lists, of that any. Be 
could be gained by the selection of these specific Conpenents ¢: 
tospared to the extremely large nukber of choices availadid. 
As further discussed, the rejection of the clains 
fis not wader 35 U.S.C. 102, but is ‘weer 35 U.S.C. 193. In 
} détermining obviousness under 35 U. Se C. 103 the unexpected prcreir- 
ties which the material possesses must be considered, tn 
respect it was greed that the unexpected properties are the ei 
pected properties which the material would. show when {laze Sprayt » 


+ i.e. the unexpected properties which the metcrial possessed as 
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a flame spray powder and uct sieply the properties of being | 
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capable of exothermically reacting. These unexpectec pre; rties 
are not obvious from ths prior ert. 

The clains have been aszended in the zanrer agreed wu; 
at the conference and it is thus believed that the avcve in 
accordance wi.> the conference places the applicatioa in c-ncit.: 
for sllowance, which is hereby solicited, 
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Hon, Commissioner of Patents 
Washington, D. C. 


Sir: 


Supplenental to the Anendnent dated Noverver 9, 
poe 


—_— 


1966, kindly cancel claims 1-25, 47 and 4 


REMARKS 


8 withest projucice. 


The claims directed to the non-¢lected invcntica 


“have been cancelled without prejudice 


prosecution and place the application in condition for allow 


in order to facilitate 
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Please find below @ communication from the © EXOT. hee CER PEACTY 
) INTER ALLIC CCMPGUS 


EXAMINER in charge af this application, 
| . BATUG CUWOMETES - 


Coomi esioner of Patante. 


t 2 uiNER'S CHANGE MP7 /OR ADDITION TO THE APeurcation RECORD UPON ALLO’ ACE 


at 


This application is in condition for allowance, Changes ead/os citation of Ltieiioes are specie? 
low. Should this rot be acceptable to applicaat, on opptoptince wnieadmens may be propo J uses | 
312, To ensure consideration of suchamendanent, it should be avbaiteny on of before tre dste of ter: 
ting the issue fee, : 


PROSI-CUTION ON THE ME RITS IS CLOSED AND A YOTICE OF ALLOFAS CECI BR MAM.ED* 
puUe COURSE, 
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“The changes and/oq additions are os follows: 


' Page 1 line 2, the words ",now abandoned” have 
been inserted after 71960", : oe 
Page 1, line 4, the ‘Words ") now sbandonod” have 
been inserted after 71962". 
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UNITED STATES PATENTS 


MAWE OF PATENTEE CPFIC AL CLASSIFICATION 
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“4,07 > 182 3/1962. | Schrewelius 117-1C5 
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3,135,626 | 6/196 Moon et: al. 1172165 .2 
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PATENT CFRICE 


NOTICE OF ALLOWANCE 
"AND ISSUE FEE DUE | 


_ BBbNG EO Core 
Phd COUNT HIONTe OF PATENTS 
woparnetow, 6. ¢ 20298 


The opplicction for potent identified below hes been exomined and found olloweble for issuence 
of Letters Potent. 


fa a 


Dittrich, verdinand J.; Lella.re, L, I., ard 
Shepert, Arthur P.; Flushing, L, 2., N. YF. 


Fiss2 i exothern!cally reacting 


WATLID Jan, 12, 1°57 
inte: is cezpousd forcing camesites 
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+ With the allowence of the opzlicctian, the above ind:coted Issue Foe becenens dag an4 pey ent avi: by Tt > 
within three months of the dete of this Notice cr the epplicatien shail be re: cede cs cect door? 

The Issue Fea is one hundred dolisrs ($160) plus tea dsiicrs $2) ia sech pe ried sheet of fro +) erd ten 
dallors ($10) for each printed gege of specricetion, of portion therec!. 

{ncsmuch os the asmber of printed pages of spec:fication must be determined in o:! once tf pri-t ao irem se 
smouns of matter in the allewed o:-plicction, the Issve Fee 18 subject to chance. Aftertes poem ass being cite, 
the sstimate will be reviewed in ficht of the ociual number of pices cf ssee fest em ites Stung her a ser 

' charge = 1s mede, ysu will be notified thereof wth the issuance of tho Petsatan: the wc ten wi Le retrrecia' ¢ 
Fincace Broach for ercrapeicte ection ff the number of p2ges is uncerestimcts oy Neate mort pares, yte 
receive @ notice of Additisne! Issue Fee Que with the Potent end poyrert ei ts totter. the malta: 4+ 
three months of the date of that Notice Failure ts remit any additicaal (ca dye within Uirce cocths fon Ut cast 
of that Notice will result in lapse cC the Parent 

As a ceavanionce in remitting this feo, use of the enclosed Form PCU-Cis is euzgesed Tom isin Fw 
not be ceceive + -froe: anyone other thon the applicant, his assignee oe Offer: ty, OF oO party im crash et eS 
the records of ths Potent Oifice. 4 form is enclosed relating to the atdress cf tio i vector’ s3 
Otte-ition. 

Hit le desizved to hove the parent issued to on astignee of attignzes, Cn assiz= mest, teo- ter wi ne itn foe 
tecording the sors, must be filed ia this Clisce on or before the date of pry-ent ci tne it: oy Fes. 
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By direction of the Comaissianer. 
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Applicants: Ferdinand J. Dittrich et al. 


Serial No.: 442,727 
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iis March 25, 1965 ieee | 


For: 5 
ee FLAME SPRAYING EXOTHERMICALLY REACTIEG INTO ITALLIC 
Gan ecee COMPOUND FORMING COMPOSITES 8 So eR Acne te 


SUPPLEWENTAL DECLARATICY 


We, the undersigned, declare withrespect tothe above-entitied aprticsticn that the sutject 
"matter of the allowed claims was part of our Invention, was invented t2fcre we Sled our or * seb apciieet.on, 
aboveidentified, for such Invention; that we do net know and co mot bellovet at titsams 2s ewer kecat 
or used before our invention thereof, or patented or doserited in any printed pil cot om tin any ccucty 
before our invention thereof, or mere than one year before cur 2-nlicction, e: in gussic ute cr ea ssf wn 
the United States more thar cne year before the date of our apriication, Bhat sila invention soseatoces 
patentea in any foreign country before the date of our applicatica 7 on enchiestien (ited sv es or cattery 
representatives or assigns more than 12 months prior ts ow tsatication in tia Unite? States, ang hss 
not been abandoned. 


The undersigned petitioners decizre further that all stztzrents maée herein of ther ey > 
knowledge are true and that all statements mace on Iinfermation av' belief are hclieved tobe true ar. 
further that these statements were made with the knowledée that witiful foics stutsments ev ths bee ca 
made are punishable by fine or imprisonment, or both, under Section 1501 sf Tittc 19 of tne Yo sted rs 
Code anu that such willful false statements may jeopardize the validity of the appitcation ¢° sry poitt 
issuing thereon, 
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Ercisl 5, 
Hon. Commissioner of Patents riisd 
Washington, D.C. 20231 Gera 


Dear Sir; 


* 


Re the application of FERDINAND J, DITTRICI!, et al 


for PLAME SPRAYING ZXOTHERMICALLY REACTI'2 
INTERMETALLIC CCHPCUND FONG COMPOLTT 
we enclose 


( ) Specification 
( } Declaration, Power of Attorney and Petition 


()____. Sheet(s) Drawings 
we 

() $% -00 filing fee (to be charged to Account Basic 100.0 ceeceeeeseeeSiS.C2 
No. 02-4740)@ cisims over 10 

) $ 212.00 issue fea(to be charged to Account &t $2.......c.scccoeee $ 
No. 02-4740) indé@oer unt 

( ) Assignment and $20.00 recording fea {to be Cisins ovar 3 et $10.....8 
charged to Account No. 02-4749) 


) Supplemental Declaration 


( ) Priority is hereby claimed on the basis of the following: 


ount Serial N Deto 
verte: NO. ue 


Respectfully, 
BURGESS, oOo 


U.S. DEPAF [MENT OF COMMERCE 
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WASHINGTON, O.C. BaBit (+ / ger Be. 
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r IN THE PITS STATES PITT One 
Applicants : Ferdinand J. Dittrich et al. Ae a 
Serial No. 3 442,727 wns 
Filed : Merch 25, 1965 Grown ¢. 
For t FES STUALESS: CSOT EOL 
REACTINS 1c Ete Cac ere 5 
FOLs23 CO USILLS ay 
Patent No, 3,322,515 Bosses Step Say TES7 EE i, 


Hon. Commissioner of Patents 
Washington, D.C. 
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Applicants and their assicnee of the cic.: ercisied 
application and patent issued thereon respzctfully ehcw 23 
follows: 

I. The above a;plication iscuct to Totent *9. 
3,322,515 on May 30, 1967. 

Wu. Column 3, line 49 (8; <ificaticn, proce 7, 


line 14) cancel "the" before "“grans™ ee 


line 14) "as a pressure" should be «at a prs tcure-- or 
a“ WY. Colurn 7, line 12 (specifi-*tion, p-ze 34, 
line 21) correct the spellinz of “deposit”. 
UY. Colum ?, line 69 (specificctio-, pace 19, 
line 6) “aluzinum” should be --alusina-- ,”, 
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“Ni. Column 9, line 6 (erezificccicn, pase t2, 


line 14) "sprayer" should be --spraycd-- v — 
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' or records of the Patcnt Cifice. 
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IX The erigincl deed of the said patent 's 
herewith returned, 
WHE‘ FORE the caid applicants and their assignee 
pray that a Certificste of Correction czly f3cu7 =-7 be 
endorsed upon said Letters Patent and recorded in the records 
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My Ammoup Spano 

:- Sa Sveve SommzR 


a as a J. Feaxco 
‘ . ma M Mcwer fee(s) were applied bed 


Be tesca es ec one Pirireninndy 1, 1906 


Patent Office 
(Ar GE 420. (Authorized Signatere) 


4 


tion, Commissioner of Patents 
washineton, D. C, 20231 


Re: Our File Metco 305.5 
Sir: 


in accordance with Rule 147 applicants wish to file e 
divisional application of: 


Applicant S.N. : 442 727 , tl Cy 


Appli ants : Ferdinand J, Dittrich ead arthur “Py sing 

Shepard co ts ag 

Fileu : March 25, 1965 ey AD 

For : FLAME SPRAYING EXOTHERMICALLY’” , 4f 
REACTING INTERMETALLIC CO! he Ya 

FORMING COMPOSITES, © eS “ft, a ad 


rt. 
*, 
é 


The divisional application is to be directed to clains 

1 to 25, 47 and 4» in connection with which restriction 

has been required, 

The Office is requested to prepare certified copy of appli-* a 
cation S.N. 442 727 filed March 25, 1965, to serve as ' 
appiication papers and to charge the same to the account 
of the undersigned, account No. 02-4740, 

The Office is also requested to charge the filing fee of Mis 
$1190 to the account of the undersigned, account Nc, 02-4740, 


Respectfully, } ; 
, DINKLAGE & SRRUNG .:% Fi 
ry F * ai 

* m 


« oe a 74 : 
\ bid : 
\ ia , 
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‘ aaa 
‘ {ah . 
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" ¥. 8° DEPARTMENT OF COMMERC 
UNITED STATES PATENT OFFICE . : 


doy “THIS is ‘TO CERTIFY that the annexed is a true co ion the vecorés of. re 
ae " this office of the Application of Ferdinand J. Dittrich and +. va 


arthur P. Shepard, as originally filed March 25, 1969; ent PF f 


Number 442,727, for Flame Spraying Brotheradent1y Reacting” 


By authority of the 


COMMISSIONER OF epee * ahi 
of af 


Te ca 


vee 


i applications, Serial we? 72 


/ Serial No. 134, te flied Augy® oe BY 
i ; Aedes: 


; € 
has containing bee: or more compopents. ¥ Bis, 


Pe Og lg ; 
caer wee a Ghee 
" thermfeally react with each’ other dusting the ‘speay! 


a _foraing one .or more ¢ nternstallie compound, 


aoe "fusible ‘material into a Guicins zone, hacen phe 4 dane 18" 


ne melted or ct east heat-softened, end then propeltgd’ from 


- ‘the heating cone in a finely divided abi eevee) onte é. i <p” 


; ‘ ie 
es pee B. 


4 Oe ee ca om! po gM Gia 
“gurface to be coated. — ee < ee 4 2 oi 
i 


The material being sprayed te ‘snerelty be ‘inte; : 
th “heating zone in the form of either a powler or a wire age Peg i 
| (the latter term designating both rode: and wires). é the ate 
"spraying is effected in @ device known’ ‘ae anette re Be 9: 


er re iJ 


material spray gun or a flame epray gun. i Os “ 


In the wire type flame spray gun the rod or ‘aire! 
of the material to be aprnee’ ie fed tate eo heating gore 


“Least heat-softened and atonized, uaually by. dlawe 


. thenee propelled 1 in finely divided form onto the our ee 


' aes finely divided ‘eatertat, er - ‘bonding: toge 
—_ divided material by means of a plastic. binder 
“other suitable binder: watch Atoincegrates ‘th he: ,heat 3 


Spi és 
the heating zone, thereby releasing. the: ermans gh ‘te ‘be 


i 


_-aprayed in ‘finely divided form.” Ms e 
/ : For spraying finely divided A 


e: material, a powder type, flane rear 0 sup te 


_ the: powder, usually entrained in 
os 2 the heating zone of the gun fo 


| The powder is either melted or at! esate ‘the surtach 
28 grains heat-softened in this zone; end ‘the! the e 
: conditioned: particles, propelled ‘onto: a surface 
A coating. In the powder € type os ee gun aa. ng 


bad 


, energy is required, a separate blast a8 is ‘ofteh { 
: 3), though the same may be supplied in order oat 
“accelerating the particles and waa then ‘tboard 
surface to be coated. ee ee 
The blast gas may be provided tor’ both: ‘ha te 
. wire type and powder type guns to perforn’ the “aasietoia). 2 
Sages Ne 


function of cooling the workpiece and ms coating pam 


‘formed thereon. 


 Caeacen fro a esi esused oo the coubust ion of ny a fuel; 


% ne, ~ 


such ag acetylene, propane, natural. uae, or ‘the Akay: ston i 


.type of guns, by a plasma flama. “The ree flene 6 may tn i 
 4eself constitute part of an electric arc, or, in accordance & 
with a newer development, may be in the fors of a " ve ; - 


 pYaema stream”, f.¢., @ atream of plasma which may. be, ¢ con: 


i _eidered independent of the are es it wigs pot. -gontetbute “3 4 


a 
™ ~ 2. 
vie ote > 
tae & '. “ ot 
a oe Fs 3 


43 


eye 


~~: 
a 
‘ 


& 


a low welting point metals, euch as solders, leet: wis 


Plane spraying in the fotetal ; stages, cue 
oy et Sein ae 


ay ey 
Fa 


aw 
x 2 


Arrpoint or refractory metale, ceramics, cormete,, iar ‘hie 


Pe 


sere 
and such materials ere of increasing commercial angendi 
Be chunks Pz %. 


4 specific metal, alloy, ceramic, or the Likes’ fvnite Ae 
ve SErenes ie £ee 
ie true that rods or wixes formed from finely divided | 


ea “withthe drawing in which: 


t) 


oy material bound sopeeie with a binder of plastic or end ee 


a like, as mentioned — were knows - binder gener 


god or wire in ‘ghee cenit fed ‘ined the ‘neattog 8 sone: 


‘In the case of flame 8 spray powders, ‘vntle 
: thet iC 
* powders formed of wevenet constituents were known, the 


same were generally in the form ofa a. aixture ‘of, a 
individual constituents or, at best, a pecticle 
-. One object of this invention 19 ‘the. ‘spraying 


i? HH 


ie “of the ‘heat-fustble material in ‘a novel fora with Lie 
q 3 


~ the obtaining of superior results. 


it 


re apparent from the following deseriptton read, in. dubs oe 


4 ee 


; Fig. 1 diagrammatically shows @ a cross-qaction’s 
ef a s gxate of novel powder in accordance ith the’ ny en teat 
Fig. 2 isa cropesssction of a. ficehae 

ment of an aggregate grain of novel flame apray beam i 


Py 


accordance with tha invention; 


Fig. 3 16 @ diagramaatic Sosescitinn of on. 4 gin 


embodiment of a@ novel flame spray wire tn accordance wg 
the invention; ttt a 8p es 

Fig. 4 shows a seomecansion of a further : 
enbodinent of a novel flame ppray L acuie in sccordnes Ht - 
the invention; and . le 


a 


A 
it 

q 
‘ 2 


* > Se ee Ce ens! = 


a8 
a 


Fig. $ ei: @ still further eubodinant. of . Past 


novel flame spray wire in accordance with: the tovention,”” _ cae gs 


in csnvvtutei with the invention, ‘the Slane 


spraying is effected witt: the: heat~fusible aaterial, tn che’ 


“ ‘ 


temperatures developed during eee orcayton, foraing en? Z 


intermetallic compound. 


separated without any deotruction-of -the atnicture S 
1 a sid 


$ in the case of powder, the term "aompoatta! ow amt 


contain the separate components whitch ‘will exotheraten iy ‘ 
react, forming intermetallic compounds. In the case ‘of? ¥, 
wire, the individual components must be incorporated: tal Py 

: “single wire. In the composite tha on mse be. 8) ue 


“o dncdmate contact with each cther. 


‘cede react, ovate the ‘intermetallic compound, a ees a? 
e sei i 
but preferably the individual grains of the power are in * 


t 
a i 


- the form of a clad composite consisting of a nucteus' ef one ig 
# 


% ont. 


of the components and at least one coating leyer ‘of the *s ee met: €. 


‘ ether component. Alternatively, the composite may mith ae 


oS 


& oe or een se ea § 


AM Sad a edle os a 
of separate, concentric coating layers of the = compen 2 yal ue 


asf Sot gh AO 2 ‘ 
sae ees aoe Me! ea 3 


spat 
‘ 


‘ ente and a nucleus of actil etifira material. ih 
In the case of wires, the’ composites ney be: to 


the form of a wire having a coating sheath of: one naterigi. i 
oS apedih att 
and a core of the other, alternate ‘goating sheaths of the aie 


a tee 


componer ts and a core of a third material, a wire: feted 
twising or rolling separate wire strands of the component 


a wire consisting of a sheath of one component ond a ‘core 
ct 
containing the other component in — or compacted tors” 


f, 
él 


‘s c a a, and 
a wire consisting of a sheath of one componens, and a gore’ be ot 


‘ 


containing a compacted powder mixture of this sane Rane | 
' material and one or more other —v e wie soontont 
of a plastic 


i. o: sk ‘ 
4 “: a ee. a Ms * ; 
mixture of components, etc. ue n - ie ¢ Bai 


Be 
a 


“Se e? ry ie 
spraying, the same must not cavitate at t the ~ shen’ “nda, pay: 


cannot have a lower melting point than ‘an outer sails * : i “4 
as otherwise the inner core will initially nie; causing | ;. : tet i 

= + oe wily 4 
cavitation at the tip. For example, if the wire is composed ay F 


% 
bdo 


ef nickel and aluminum as the exothermically reacting come et “ng! 
ponents and is in the form of a core with a coating seach 


er a 


the core must be nickel and the coating sheath aluatnun, '+ iB, tk 


. a8 otherwise during the apraying the core with ‘atetanty | 


Ab 
wane hia? 'y 


melt out, causing the encitenton which wit tneertere with 
a@ satisfactory epraytng operation. The, : in 
melting-point characteristics a0 as te “allow the me 


off of the tip without this cavitation, is referred es “ee fs 


EES a He 
herein and in the claims as “non-cavitating wire.” * Oa a es ‘ 


As the components any two netallice heh ay 78 


“yh 


be melted together to form an internetallie coshound: ia. 


exothermic reaction may be used, Te components thou 
sa ee ee Bs yi 


release about 3000 calories per gran aton, and Ps fore 


° gt least 7500 calories per gram atom ‘tn: the ‘exotherate 
ei ~ geaction forming the intermetallic compounds. ‘ine. 


1 
“calories per gram atom" es used herein denotes the wobeiitn 


‘ : Pr eePA da 
oa eer ‘ee 


‘of gram calories which the average " geeute weight in pres , 


of the intermetallic compound formed will generate. ‘fas “i 


' being formed, While the components are preferebly ees 4 


sit 
in the stoichiometric proportions required for the forza, wee, 
-. ton of the intermetallic compound, it is, however, ionttsint 


-°" to also have an excess of one or the other provided che? 


Teas 


- relative amounts are sufficient to release she quanetiba 


compounds. - a 


An extcemely large number of aatel, componente , 
are known which can be melted together in an exotheratd © 


reaction, forming an intermetallic compound with the enictictte. 
tion of heat. Any of these component pairs may be. vetifeeds’ ‘ <i i. 


in accordance with the invention, it only being required aa ‘ ty 


«Je 


“e, E. mo 


‘ ‘ : ge 4% eae 
thet the same be tie of being tntttally foreéa. ote, tthe: 


ke composite suitable for ‘Spraying and that the ‘tavernatgliie’ lol 
a compounds formed therefrom liberate the required moet 
a “heat in the intermetallic compounde-foraation ‘and are; dies: 
| able as components of a aprayed coating. | be As a gevecsl ie eS: 


‘components which will form intermetallic compounds tarts aioe 
- 


Ls 


: f f at least one of Ti, Nb, Cr, Wy, 0, Mo, NL or. ee: Bh 


While iron itsele is not a oatiefactory ‘componens hea af 
he same may be present in eddttion to another ‘doaponost, 
which in itself is satisfactory, such as in the fora pee pram 
alloy therewith. This other component; however, must, be ey oF 


ae 
present in amount sufficient to form the Antergptallie cow: 
% a & 4 Fe * 


_ pound with the other component of the composites, with chap 3 ares 


" generation of sufficient heat to aid the, epeaing een Be 


nickel to render the same rusteresistant, does not mae 
enough nickel for an effective exothermic reaction: with. 
aluminum. Cencrally an alloy of nickel and iron faut, cope. ms 
tain at least about 12% nickel for this purpoge. ee . PL 
ib rte » Py a) re Fe 
Fig. 1 shows a composite powder cones of ae #4 pptg 


a nucleus of aluminum and a seating Layer ‘of ticks He 2 
= : ‘. wt igh ae 
oh 2 Bos “a pa! 


* 4 - oe : avid 
) shows an pee of these componentey, os ond Pign 


<'; .§ show various forms of wire. containing, che: 
; ‘es . Fig. 3 showing @ wire having an aluatnun ‘cots 

. ‘phesth, Fig. 4 showing a wire nado of siscceet 

; nickel and aluminum wice, aa for ciaphe 18 180 

_25 gauge (.019" diameter), nickel wire cenit 3 “th 
of 25 gauge elunious wire marked cy ‘and Figs “5 ‘shows. #e 9 
of ae filled with samen s of nickel aod 4 ails 
ate 


ie gia Fae 
< igh 


—— a | 


g 


‘ La 
“aie. 
ba " 
Al te 
. » €) 
eae 
5 


as 6 eetal hydride, the sane may he. used, i 
than as @ metal per ae. when ‘phase ‘oprey a 
“evolved from the hydride ‘produces ry ‘reducing. > 
st which in turn suppresses oxidation of the Ant er 
i compounds during 
x fox example, in place of: eLeent 4 
j ined as one of the components,” é are Main i : 
ere Also for tiie purpose of reduetag ‘oxté if 
pone wes such es titentua hydrides, ony ‘ee 
i sinor ‘amount to the other com bor 
1 5 by weight, and preferap yas 3% ‘vy vel 
ig: Ae on the total of the hydride and other ceompontns max be! 
ns In addition, the powder grerules “abd en ice ¥ ‘ng 
may contain other convent ional {lane spray. “aeepogent, f * 
be sprayed in admixture or in conjunction ‘herent a 
for example, the coated powders may additionally "contain re ms 


other coating lsyers of other flame apeay conponients oF aah ri Rae 


contein a wicleus of another fleas spray material » wien . ey: : . 


a&e 


alternate coating layers of ‘de conpenents which wilt’ ‘exee' 


thermically react, forming the intermetallic. * In a: ‘age 
manner, the aggregates or the wires may contata' Kurthor: di 
flame spray components, and ‘in the ease of and ; 
same may additionally be admixed with any. other dabthed! j 


flame spray powder, 


7 


The clad powders, in seal with "the tne's $ Pike 
vention, may be formed in any known or desired samme, apd : 
preferably by the known chemical plating arscesees,: ia ihe 
which coating material is deposited on a ‘seed or ay %; 


ee Mate ict 
“of another material, or in which multiple: layers ‘ok cre 
‘, ee 4 
> . materiale are built up on the seed eatertal,’ or in witgh 


at 


various materials are prucauntercignacerty in a a single “iagei, 


‘the seed material. sg ag ay 

; ie A mode of forming che clad powders inves 

, "depositing of a metal from a solution by reduction en, 4, Ee ph 
a. “hse oy 

ye a tse 
, oe: _ammoniacal solutions of nickel and ammonium sulfate on 


_geed or nucleus, such as by the hydrogen reduction of”; 


1 _ seed powder catalyzed by the addition of _anchraqut 10 
is also possible to form the coating by the use of Re 
- known coating processes, such as coating by vapor.  dopoes-§ 
_ tion, by the thermal decomposition of metal carboiyie, Why 
hydrogen reduction of metal halide vapors, by thermal . 
. deposition of halides, hydrides, carbonyls, organo isa 
or other volatile compounds, or by displacement gas’ sissne x x, Pe ‘* 
and the like. Ae 5 eee | Se 18 ahs 
A preferred and greatly simplified node of. wt et: yi , eas 
_ forming the clad powders in accordance with’ the: sovencioe : | 


: ee" i. t 
bath Poa 


+ le ; : ; eens NPE AF 
5 i an : ‘fe the depositing ee one inieeienk as a coating ia ths tora 


of a peint on the other component. Thus, one of the " 
components which is to form the coating or ‘eleddiog, arte: a 
diepersed in finely divided form in a binder ot Lacquer O°, Me 
as, in effect, to form a paint in which this component: 


my we eet 


+ : ponds to the pigment, The paint is then used ¢o- spre eo 


particles of the other component end the binder * cae te 
allowed to set or dry. The binder material is vreteraby ri. , 
resin which does not depend on solvent evaporation in “pader! 


4) 
to form a dried or set fila, ond which file will decompoie” 


or break down in the heat of the spraying prockee. me Be 
LY ‘>. eh si 

known or conventional varnish, preferably containing’ é eistp 

as the varnish solids, The compenent which tovnseat habe Hy if + 


f 


mixed with the binder or varnish should preferably. be a os Th BR 


oF 
finely divided as possible, as for example +325 ioe Thes. 


other component which constitutes the core should be sertee 
7 i 
imately or only slightly below the particle sire uleinately ‘gx at 


wk es ; 


desired for the spray powder. The coating of the core’ 
Eee: component with the “paint” may be effected in any" kno" or £4 hh ae 


desired manner, and it is simply necessary ‘to mix the two. 
"We 


we te _ 
ii id fn 
we Me 
‘ ¥ 


"eee 


de “Materials together and allow the binder to dey or set, 


which will result in a fairly free-flowing powder comsiaty 
ing of the core component coated with « cladding of cthe-+! 


other component bound in the binder, ota ee he a 
oa i 
The aggregates may be formed hel coupebtion ‘or oat 


wn Pe 


ovis, Bey Od a 
nee 4 oy ae 
ny 


® — = 
» 6 ¥ ae 
e é Pr * 
ieeeemcailtlt ti icaecee tees ane col teal ceeenee caedaeaineeaeadiaeataeeemesemaetiemtmemane j 
e { € s 


* 


"| 


‘ beiquetting che various components into the » ndtv <, 


granules, or into larger aggregates and then breaking these, 


aggregates into the granuled. ge ia su : Se ki! 
The wires may be formed ‘ee the known conventional ‘bas 
‘manner for forming wires with various neue et, for. iy pe 
example, by shrinking a sheath on a core, by foraing the Fie’ ‘eae 
‘ 7 core with powder, by twisting the component wires, followed . 9 us. Bi 3 


by rolling, drawing, svaging, or the like if desired, wae: ‘és ee bi 
oa 8) ye My 

In accordance with one mode of manufactures . eb, 

one of the components may be formed into a tube. or, meats, : mG 


and filled with a powder of the other component. ora es on 


teal 
rat 


comprising a mixture of the two components, or containing: 
additional components, The tube ends are then sealed and qr : 


the wire reduced to the desired wire diameter by sodas: 444 we nds a 


gia” i : 
rollivg or drawing. Preferably the powder or powder qjxturd ‘a 


co. rete, 
vit f ‘ “ y is firet compressed into cylindrical briquettes ‘pefore Py Sate 
ay age “-- \ bedng placed in the sheath or core. The sealing of the pis An 
7 ie tube ends after loading with the powder or powder nk .; oe 
| . he 4 : can be effected, for instance, by insertion of a plug, for : 'y Me 
sa example of the metal of the sheath, by welding, twieting, ‘7k ™ 
: ; crimping, or the like. a Mi as 
ts oo Powders in accordance with the invention should ty 
i e have the general over-all shape and size of conventional, ey 
‘ . : flame-spray powders, and thus for example should have a 2 : 
7 i * | size between -60 mesh and +3 ticrons and preferably ~140 - Be “he : 43 
¥ mesh and +10 microns (U.S. Standard screen mesh size). Most * . 
‘« “, preferably the powder should be as uniform as possible in at 
_~ grain size, with the individual grains not varying by acre 
ia. 


than 250 microns and preferably 75 microns, 


ceed 


bad ——— 
j 


Depending ou the particular flene opcay’ re 
ee iy “A. ) nw 


‘as the ‘eiateet purpese, the composite powders sey.'ps 
sprayed per se or in combination with other ditterenny(-* ene 
composite powders, or in combination with ether meen me 
flame spray powders or powder coupenents.” oy : 

While the powders “ 


such, in a powder-type of nid ay gun, sete Theat 
# 5} oy i 


"* possible to combine the same in the fora ‘of PS wie 


+>) 
‘ ysing a plastic or siniler binder, wnteh dncoapones. Wa: ry a» gt 
di te ghee 
heating sone of che gun, ‘or wry certain case the po 
* may be compacted and/or sintered together tn Nes tose sf a as. ) 


- god or wire. The wires must have the convent ignalvetee A nade 
gi. Cte 
i <|.|, and qceuracy tolerances for flame pray vires; ond ‘cua! ‘ge AE: 
.. exauple may vary in.size between {4" end 29 20 ges. ted, 
' Wiseman « * ne ‘ie tad 
‘are preforably of the following sizes No grit seth AN ee 


ppt: sGopsres LL 11 gauge 2 ona 4 and 13 15 aes ORs oy 
ie Tas ¢ wad 


_ @ smooth, clean finish free from eieus marke, dieatshies 
: ne oe i. | 
‘ sea defects. The wires ate sprayed in the conventional murmer cg ds 


* 
Bt 


Pit 
In combining, in the exothermfc reaction, Naty =] 


', waing conventional wire-type flame epray guna. ae; * ges 


a ‘ 


the intermetallic compound, the conponence generate heat’ jo WP 

aity in che actual material which is to form at Teast. e ae a * 

me coating. This is to ba distinguished froa flone-spray” | 

processes and materiale in which heat ip generated by a . 
reaction, such as an oxidation reaction, in vaich a foreign 

and non-metallic element ie introduced and in which ctianst 


able components may be produced, Aside from greatly con- 


tributing to the thermal efficiency of the process, the 


} 


rs 


Satie predunse novel. ‘resulte,- An. 


1 


“heat generated in as in the loreation ot the o sncerestallte, ae 


; ow 


a ee 


aa | denser, more ‘adhering, “coating, having. character Lattice £ 


ae at least & partially fused coatings | In aay "dnetanses 
: coating has self=bonding choracteristics, 20 ‘that, ‘piece 
surface preparation, other then a good cleaningy is not el : 


i required. The spraying in all other respects ia ottacted’; 


toh in the conventional, well-known MANNEE g “using. oprent gia 


: flane spray equipment, and the comvanttonal surface ppens 


anes ation may be utilized, af deotreds 


ance with the tavention may be sprayed’ 


“Jer in addition to, other ‘flane spray ater 


ally used in the art, or may | be pcayed te coal 


aie erent with the others. 


“The use of the compontten ate £8 
mtckeL-aluntnun composites, will generaliye a ! 
eee of the. total sprayed material, and thus ‘of. ce ether | 
ponent. oF components to the substrate, ‘gonettmas ‘aking 
— sel.£-bonding. The particle | bond wih a ini 
anf the coating will be denser, 80 chat ite porosity say. 


My, 


decreased. In general, 48 little as 10% vy wotgnt’ of she 


composites in accordance with the tnvention with: peoeteinu 


‘to substantially improve the bonding characterietics: ops ‘lhe 


decrease the porosity of other flame spray. materiale, wich he 


as conventional flame spray metals, alloys or cerantee. ae 5 
There ie, of course, no upper Linte on the anount, as thd”, 
composite may be sprayed pet 86, but ‘generally at seen 
about 20% by woight of the other ‘component 4 de dequtred § 1e4 


7 AP 


: thie component {8 to have @ povemeed affect, on ee conn i 


“actertattes. of tha coatings 


iiiustration and — tinitations (#72. 


M . of 
*) ncier 
hehe Fy 


(a) An aluminum powder havinis a partdete: 


size botween 140 mesh and +325, nest (V.8." Standard { Ae 


'. gereen size) ts 5 costed with nickel in the Yinown 


Pe 


manner lt che bbydrogen reduction < ox oo 


- tion is — at a touperature fetvees eegt 


 elave using solutions containing “4olso get 
liter of nickel and 10.400 grams per Ateeg'of 
cm (NH) 980, and 20130 8 poet per “iter of: ‘Nitys Ato, 
2 gram per re of sarheasainees ts ‘used ae tae 
catalyst and the autoclave is pressurized with <: i. : 
hydrogen at a pressure of about 306 lbs. psackae 
“After the nickel solution 18 pale and the Poem 
aluminum coated with an initial coating of ntekely 
the solution is discharged from the autoclave “and ae 
replenished with 4 copes solution which wand. ete , 
contain further amounts of the anthraquinone » 
coating catalyst, as ithe initially formed nickel’ 5 
coating in itself acts as 4 catalyst. The. svete” 


is continuously repeated until a composite powder” 


ele eS 4 i : « 


oe : atuntnun and 84 to 82% te welgne of nial 


: “anda a ate ee 100, to 4270 D mesh. 


“<7 


ot Meboe Inc. ‘of Woatbury, Leng 1 Telend, se 
trade name of "Thernoepeay” powder un, 
Spraying ia effected at a rate ‘of 6 ke hs loss: 
Sa 


‘of powder per hour, using acetylene gee as 
SINE te 


ya : 
, of 17 to 25 see «for. and oxygen ae the 


rate of 29 to 35 cu.\t, Poe a4 


W—_ 


aluminum intermetallic compounds whieh rade, 
on the base as a dense, high quality coating: 

’ which exhibits .elf-bonding characteriagtes. A 
coating layer of “ee A 2004” thickness is e patel 

) built up in this manner. ‘Thai coating may be. 1. ee 
used as a base material for spraying of diene % a 


layers of different metale 


. perves t 
“Layers 


e "Conting uence oy Feecadn 
ee 


or thicker as a 
re %. 


thereon with good seiiieies The coating ‘1 


Hie 


the powder has excellent Snidanton renal 


“deing iiuiiaiesa: and will for cxamle. 


oe 


: fi a ig 
Ser oxidation of base materiale, auch’ as # solybdesen 


oy ae 


handling equipment, and will not be wetted 6 er. 


penetrated by many molten metals, tweloding mae 


ature, wear-resistant coatings. 


"Pace example is ‘repeated en e soy 
rod of 5/16" diameter, with a coating. between ‘gino 


bp 


el7-. me a : F. : : o 4 


ei ti fo whe, € the eoated ied may be = repentadly 
a heated to ‘approninately 20008, F. » an ‘aay te : 


" ‘wth no eases oxidation cooueriog! - ge ‘ 


Sinilar results may also we ob 


“ initetite (TL) ake in siece of the. or 
in an amount of 23 4 85 8S wotaht (ps “ang oar Py 


60 oie 85 weight or’ the total. 


effected with an oxygen-hydrogen or oxysen! 


“flame. 


“ee 
Example i ie repeated with the sprays. 


being effected in turn on the following ‘bases sod 
: ‘ ‘i 
prepared in the following manner! ve - “ane 
Se pape 
Low alloy steele and stainless. steels; agred 
smooth-ground to remove surface i be 


copper and copper base alloys, rougheprotind oF oF 


o18- 


Ee 483 
hy 


Lightegrit-blested; aluatmun and mes. 
alloys, rough-ground or Lighe-gete-bl ted 
Be cee BS 
. magnesiun, rough ground or epdati, peng 


ea 
ye 


- on the surface as. seas in the manner “andes 2 


S ‘above, a satisfactory bond would not be "gbtdined 


40% of the pichalwoted powder with 60% by wotghe 
_. , the ceramic. The powder is ieee: using the ey 
$s ae described in Example 1, on a mild steel: plate. wi 

~ has been surface-cleaned by. anooth srtbdics a 

ing is effected at a distance of about barca the, . 
plate at a rate of about . to 8 lbe. of powder per | 
hr., using acetylene at a ye ne of 10 lbs. ptt 
and a flow rate of 17 L725 25 cu.ft. e/he., and onysen %, a 3 et 


at a pressure of 12 p.s.i. and a flow rate of 29 » Ae ‘ 


35 cu.ft./hr, 
4 Ue a: in 


A self-bonding cermet soaking Le forned wet tee ae i 
ree © yt se 
cs ae 


_ the cermet coating formed, | the vondtng me 


E% ae 
i ait aa aie ¢ as eS) 


rsghiet 
Foi 7 ro 


ae © 
ne Ki i nee sf * we 
v ; ie SAM ch , 


showed excellent thereal shockerestotances ae, g.* 
abrasion-resistance, and whieh serenely fentbtced: " es 
oxidation of the base. , : es? bas fia aii . ee 

It is possible to saa the percentages of: 
ceramic in the mixture between 3s and ‘ost 4s pders ) 


to vary the ich as seat 
increased amount of the internatallic eompeunt bat : 
ew 


properties of the coating. int 


. an increased amount af 


| and wear-resistant pro fectes ‘of ja: contig « 


i) 


inereased and the theraal conductivity decreag 


materials in ih of the aluminum oxider 
et *¥ pees dy 


‘Zirconia, calcium girconate, aagresivd ” me 


‘girconate, spinel, ceric oxide, he hafnium, oxide 


rare earth oxides, aolytdenus dustttetde, sagen ’ 


silicide, chromium silicide, titeniua erriculey, 
z . 
Het - 


tungsten carbide, titaniua ‘carbide “and ‘ctmontia 


carbide. oo % ae ‘ont 
In each case an excellent coating van, is, fore oe . 


A nucleus ef silicon siatie: ‘te coated wi 
pickel to form a crams flan, sree? povier via 
icle gies between 200 and 525 mon 

os "a 


having a part 


ks j . oe ? " ‘3 , : ag PRES ros ~ "Hl 
oe ET PA, vet 
baal | Ae os fa \. Ra 


and ctsnennnns 75 13 {08 85% nickel based on ae 


silicon-nickel total. The composite. powdert i 
sprayed with the flame spray gue. descr teed ee. 
Example 1 on e stecl base prepared by. Lightly &: 

. griteblasting, using the opraying, curds 


described in Example 4. During the rearing 


‘gize between 100 pa 325 Kas at sr 
to 50% nickel based on the titandumentcke) seeat 
The nickel protects the titentua from’ Be 


dation during storage and when eprayingasé oe 
Upon spraying in the manner described ete 


Example 1, on a base material propared by wrterh 


resistant coating comprising & otckal-titantom 


intermetallic compound. 


between 100 and 325 mesh and. contatntng ‘50 to 
ae 


% 
; re 


Me? 
4, 


80% copper based on hea cel lurium-copper “eotahy’ 
aying ‘’ the sanner described ia. ’ er i ie Py: 


. oe at eee Upon spr 
pees ee Example 1, ona base material prepared by wie? 
blasting, the eopper and eellurius coabine | wor fe 


te 
é ant En 


form @ new material. 


at was gene 


and coli ‘ 


During the spraying he 


the combination of the copper 


upon 


eis - | gpereasing the t thermal econoay: of ” process. 


4: ae ae vod ne Bias NS ys 

ne, ee The nickel-clad flame aprey power ¥ 

ms. icc et eee 1 is mixed with about 20%. by waigite 
LAY Be 


Pr me 
Cu Se ‘dow pressure polyethylene powder apy saleet gt 
RESIN irr is fe 


about 212° F.z,into’ the ‘e 
oe i + 


So 
4 am 
” 
t n 
f 
} 


‘ ee - Colne a temperature of 
Pe ee of a rod of 1/8" diameter. The nod! aah 


ry conventional wire-type fleme pore 


of Westbury. Long, ratends! 


: . 3: using 
( <a rg ect ta -+ 
ah fan a sold by Metco Inc. 


ee fem att, : a 
te ge cc he Meteortype ag gun, . The spraying” “he. 


+ a Seg gsi it? oie S “ * | 
eSoar or OSs. with acetylene at 6 pressure of 15, ait As 
#6: 


: Biieees 3 cee "low rate of 37 cu.ft. /he. with onysiqyan © frosts! 
; : onda few: ‘ 


de o Heery 
oe ager eee er ing gas at & pressure of 38 pote 


Malte ai oA of 75 cu.ft. /hr; with air 68. * blast us. 
of 40 p.8.i. and e ‘in rate et” 


The end coating produced’ ts 


im Bageg : i aes rate 
at a pressure 
25 cu.ft. /min. 


a 

‘ 

i 

« 

¥ 

ia : r) * . 2 : 

om ak? ae '' “ee 

¢ gimilar to the coating produced ir meer. Le: a. Gyr 
4 on 4 APES 


No) 4: 4 a a ae ' EAAMELA 9 nee alsa) 
¢ Sad ; ‘ : age 5 * dah hg gy | pa 


wee “ a Ae A wire is formed by: encasing a core. “ot? a es, 
es i nickel in @ tude of aluainus and drawing | we a - 

‘ , * ‘ : ' . sy 

“ t . Ms * ee | . 


ai : 
size of .125" in diameter plus or true 002" ei 


v ¢4 


The wire contains 82 to 84% by weighe ef ‘atcha 


agp} it 


a ‘based on the eluainunenickel total. 2 
; ; oi ty as The wire 16 aprayed, using vantieala 
he wipe type flame spray gun: eold By Mateo ‘Tne "a 
7" . pe ee : Westbury, Long Island, es ‘the Matico-type bs 
te gn. Spraying is effected with acetylene 
(oe as: at a pressure of 15 p.8.i. and a flow rate. of. A 
37 cute. /ne. with oxygen ao the, oxidizing gas: be 
at a pressure of 38 e.beks and a flow rate ot ke 
eb cu. ft. /hr. Air is used asa blest gas ahd 3 
' pressure of 55 p.s.i. and a flow rate of 90 


cute. /min, The end coating prodiced 4a 


{lar to the coating produced in Example 1.) 
Similar results are also obtained aad 


etampne)}0 5 aE 
. . €.. we 


A composite wire is formed by winding 


ere wires of nickel and aluminum ‘to ‘to 


eR: b eae 


‘g stranded wire with a diameter of 3s" plus 
a 


“ or minus .002". The vive contains $5 to 90% 


by weight of nickel based on the total ae 


The wire is sprayed in the manner described in tts. 
Example 9, with identical conditions end mee eae 

: : oat get a ‘ " 
coating resulting. ee 


A eilicon powder having a particle sige. 


between 140 and 325 mesh is coated with csisblincs 49 


” 
‘ 
Pos Be 


in the known manner and a couposite powder ie i, cee 
formed containing about 35 to 39% by weight of. a ag ee 
silicon and about 61 to: 65% by weight of ae a 
denum, and a size of 100° to 270 mesh. °°! iy RS 

The powder thus formed is. fl pee 
on a base material which has ‘been prepared by Ligh, 
light grit-blasting in the manner described | inet 
Example 1. Page fe ae 

The molybdenum coating and ‘the eAtlicon'! 
base combine in the 8 of the flame, 
‘a molybdenum ‘silicon  coumncalite which hb deep to ; Se 
on the base as 4 dense, high qualiey ¢ 
which exhibits excellent resistance: to oxida 

“be 


- tion at elevated temperatures and wit pro 


the base materiel from oxidation: Bee st ake 


12 


A molybdenum p 
range between 140 and 325 mesh is er pote 
silicon in the known manner and a  coapontte Sia 
is formed containing about 35 to 3% by ‘welgnt of ‘ 
silicon and about 61 to 65% by weight. of t wohybe.'9 me 5 


denum, and a size of 100 to 270 ais 


The powder thus formed 18 elanaraprayed ¢ on kt,” a ab a 
al’ * 


a base material which has been prepared bi Light! ah ae 


= 


tite ke 


‘ pressure of 100 p.6.i. and a flow rate , of, 1104, 


i On * @ vq ss ; 
> . * a ae 


E: 227% Ke. 
Rep ee ect Tae nc 
{ e* i oh He ie ve ase s, 
grit-blasting. : The spraying is effected at about . “ay Me whi 
Pee. a ae 


five inches from the plate, using « powder type , 
ot MASS 


plasma flame-spray gun sold by ™ Metes Ince Bi & 


is effected at a rate of six to nine ibe: ‘of 
pores per hour, using a mixture of argon and , on < 
mt ‘ 


ae 


hi 
. - 

% a. 
Se . 
> > 


a 


%. ae) 
cudfe./hr., and hydrogen at 50 PeBede ‘and a ew: ae te 3 


* 
- > 
4 
a 


49h 


‘vate of 25 cudfét./hr., using argon as the powder! ne 


2 


ye = 
> 
Cedar Sod 


53a * 


carrier gas at 100 p.s.i. anda flow rate ‘of 


di Argon nozzle, and using arc current ef wines i 
‘amperes at 57452 volts. - ane oe ny ." 4 
< wee Te wee he 
The molybdenum base and silicon: onttng f ye te 
combine in the heat of the flame, forning’ Pe ne Cae 2 a} 
molybdenum silicon intermetallic which depoates,: ae Oe "% 
on the base as a dense, high quality coating — ae 2 2 4 
which exhibits excellent resistance to oxida- , 3 Me . uh 
tion at high temperatures and will protect |: ie! i : , Fi 
the base material from oxidation. : Z, : Jae ; 


' 
~. 


iv bs elt wet onli i ! 
A @ilicon powder having a particle aise, 4 
between 140 and 325 mesh is coated with chrom 


jum in the known manner, and a composite powder” 


4e formed containing about 48 to 85% chromtius , 


o8Se 


vr 
“9 


> < 
— 


ape lege Ai ys ge Y Lape tal + Eee ~ — - = 


to 270 mesh. 
Te powder chus ‘forned ‘te Eenceereyer 


on a base material which has been prepared bys 


light grit-blasting in the manner described ez a ‘ 
“ia tyy 
gid 


Example 1. eis’ 

The chromium costing and the pepe santa 
combine in ‘the heat of the flame ,- torte’ f : Dat 
chromium-silicon intermetallic whic pan? iy 
on the base as a dense, high quality coating % 
which exhibits excellent resistance to. oxtdat 


at elevated temperatures and will proton’ the, 


base material from oxidation. — rh fe ie ye 
‘* Ww te 


A chromium powder having & ee oes a he 
mesh is coated with vii foam ‘ 


between 140 and 325 
and @ composite powder sof Yat 


in the known manner, 
ning about 48 to 85% chroaiua end 


ght and a sise of ive ie 


formed contai 
15 to $2% silicon by wol 
270 mesh. / 

The powder thus formed is Sieneopesyed io ove a 
base material which has been prepared by ; te 


light grit-blasting. The spraying ie effected 4 Le aN 


at about five inches from the plate, using Me, ites ‘ 
* hig * 


on @ 


powder type plasma flame-spray Gun. ‘gold ty" wh. iM «inapey 
Metco Inc, of Westbury, Long ‘Island, Now Yorke as yu gho 
under the trade name of Type 2B Plesna # Hone eg mh 


“26 


‘ 


Gun. The sprays te ot 


ng is oftcatsd et a ra ie 
vee : le eT 

of powder rev hour using ‘en ete a: 
100 ‘petekpiond | s 
,*# a8 sai” 

tT 


fre., “eine. argon an the 7 he 


six to nines Lbs. 


as the plasma gee at a pressure of 


a | 6 flow rate of 110 cudte. 
A powder carrier ges et 100 p.Ool- and a flow ‘rate. * Ha 
A. on of 15 cu.ft. /nte, using & a aa ae 
ie : : ~ Argon nozzle, and using arc current ° ‘900: 
ws ee amperes at 57/62 volts.’ ¥e sf pa Ng Ne 
A. ti SN The ~hromiua base and silicon, eee : 
may fer bine in cne heat of. the flame, £0 @ cheor 
i , aden 3 6 - ghlicon intermetallic whieh es ax ‘ 
, " ye “ as a dense, high quality coating ssn‘ 
24 excellent resistance to —, at h 


will protect the b 


oxidation. : ae Eg 


atures and 


a ee te A zirconium powder eT e eeceiatagge . eg 
nat ea ae . a are & | 
hee: 44 | between 140 and 325 ¢sh is coated with chegetug, Pe gi 
Soa tS in the known nannet end & composite’ yeas ace ne 
t 45% zirconium | and £4. ye ee ny 


foe eer 
+ . 4 if ‘ 
' ' formed containing abou 
3 
weight and 6 size of 1p: te 210" nt ae 


’ 
od » ‘ 


a bys chromium by 


‘ ‘it oe i - mesh. 
: The powder thus “forse 


o : : ge base material in the canner anecibed ys 


1. 


¥ 

bi 
< oe eo, 

a 2 Sa 
Pe, Pant: anes 


ree ~@ 


ag 
“pase as a dense, high quality coating ‘intone ¢ 


pibtcs exectient resistance to oxidation - thigh 


4 Fee eI RE ee temperatures. 


4 * se sg i) x ae : 2 . : i 
" OL a eitantun powder heving. a seis ine 
oe ee ‘range batween 140 and 325 sesh te coated Meh ‘ 
: i s : eae ae; v 
se silicon in the known manner ‘and a ‘composite aos 
re “ "5 ge formed containing about 35 to 65% tpeantid gs 
ae » : og 35 to 65% silicon by sign and a sine ‘of, ‘100 
ao OO | f ae 


grit-blasting. ‘the spraying is otfactod rs 
five inches from the plate, ‘using a powder wee 


aie a » we plasma flame-spray gun sold by Metco tees! af ms ‘ 
ae o : , Westbury, Long Island, New York, | under tha | ae ae, 

: & : i name of Type 2MB Plaama Flame Guns. ha wre ,: F 

i mr is effected at a rato of six to nine ibe. off = 

i oe J powder por hour, using argon gaée as tho slgege. 

ms gas at a pressure of 100 p.8.-« and a flow rate ; 

~ ; we at | : of 110 eudfc./he., using argon ag the jowier “i , mi 

me ; ; wee carrier gas at 100 peBele ami a saw rate | of aa tty Ky 

y ‘ fe et : «45 cu.ft. /hee, using @ otendard crectevde ‘and | Y Vag 

ae he "Dp" Argon nozzle, and using arc current att Wied a Nie 


rAd i rie 
Sa 


=25= ‘ : ' Zs ee Lien 
F vete g te fe ae 


VW 


oa cools00 anperes, at cae volte. * 


The titanium ase and ‘etLteon. “eoatts 


3 sate 


‘ epabine exothernically_ in the heat. of. the. 


forming @ titanium, silicon tnteraetellic wich 


deposits on the base as & dense, high cutis 


y J 


coating which exhibits excellent reotatange § 
: oxidation at high temperatures: and wil} protect 


‘ poe FY? 
the base material — oxidation. ¢ 


A dyeprosium powder having '® parts 
- between 140 and 325 mesh is ‘coated “with 


in the known manner end a compontte: fou! 


grit-blasting in the manner deacribed in Peano 


The aluminum coating and the dysprosiue pate 


- combine in the heat of the flame with ‘a strong. wXo- 


thermic action, forming, a dysprosiua alvainurn igor 28 


metallic compound which deposits on the base 00; a: “aid 


‘be aes 
dense, high quality coating which exbibice cxcelleral 


properties at high temperatures. 


mesh. és 
“try Bey 


The aoudar hus toraed is Flame 


high temperatures. 


FkAMPLE)19 


A chromium powder having a particle. ‘alent 
hy 


botween 140 and 325 mesh is coated with ‘isnt 7 none 


ie 


ae eee 
in the known manner and a conaousts powder, is. “Tt 
shy Megs 


formed consisting of 60 to 62% chromium and 38 t 


to 40% aluminum by weight and a size of 100 to 


270 mesh 


. 


The powder thus formed te Cane-sprayed on, 
a base materiel which has been prepared by peli ee 


blasting in the manner described in Exanple-1. 


. 


-30- /y’’ 


a ob aad “23y 


combine in the heat of: err ‘flaee with a. ethene: 


i exothermic action, fo 
intermetallic oonpiisie whieh ‘deposit, on tbe 
as a dense, 7“ quality coating of wety inte 


range of in mesh +10 microng, and oo ie 


-140 4325 et proportions oft” eax Be ie 


( a) 80 weight er tungeten, n corbite 2 oh 
weight percent of the composite. ay 4 
on be 


(b) 20 weight percent “of the carbide e oe ar 


weight percent of the ss aap and © a 
&) preferably "$0 votaht percent, cack of tha ‘ee = 
tungsten carbide and composite. ae Bsti ol “a § fhe ris 


The powder mixtures are each Elane-sprayed oe tig 


on a mild steel plate which hae been ‘purfece- 
of ) 
cleaned by grinding or very Light sand-tiaet | 


cleaning. The spraying 1s effacted at about~ te 


8 « 9 inches from the plate, using a paiceevhele’ 


“Sle 


3 ice " 


flame-spray gun as peer in U.8. Patent, a * - 4, 


2,961,335 issued Noveaber 22, 1960, por sold by an 
‘ ae ” * tau 


- Meteo Inc. of Westbury, Long Yolend’ New York, : PAR ae 
re A; « 


‘ Pe i 
‘under ‘the trade nan* of "therno-6pr8y" powder Sah om f 
‘ gun. The spraying i8 effected at a ‘rate ‘ef 6: *. 
_ to 10 lbs. per hour atin acetylene ‘gas » ‘aot 
_ fuel at a pressure of 12 pebede and a fame 8S ay 
; a & ¥ : aM, 43 3s, 2 
rate of 20 to 30 cu.ft. /ne. and oxygen: as the. fe 4 
oxidizing gas at 4 pressure ot BY) peeks, 


flow rate of 30 to 40 cule. fbr %, 

, The nickel-aluminus gonposite oie fore 
: the mixture reacts exotheraicatly, in the toad a 
to provide the gel f-bonding properties. ‘of, they 


mixture and, being fully molten on “gnpact. vith a 


the substrate, becomes the matrix which sacugaly ia Phe 


binds the tungsten carbide particles together 
in cae coating. ' 

- Used as sprayed, or saguel by: ‘proper 
| grinding procedure, a ragultant coating YT ee te, fe ig 
a highly ato coating materiel, sper “oh 
able to virtually any base material ‘and not: a a Me 
subject to the Limitations of the previously“ 
used self{-fluxing alloy aateix materiale asin hi 
must be fused at approximately 1900° F. 

pie! mye if 


ree: 
4 . 


Example 21 is repeated ‘enoopt: thie An 


place of the grade of cungeten carbide eo cobalt 


powder grates used, cobalt-bonded cungeten 


sharp, angular shape are used.» 


The en WAR + eprayed in the. manner» 


ae S 
Exre-mle 22 is repeated cxcopt 
place of the tungsten carbide grains: é 
cobalt-bonded tungsten carbide sactioies of" 2 4 
sharp, angular shape were used which yere “Fires. ue eo 
coated with nickel in the mannex, described ‘tn. # Asa] 
Example 1, se as to produce nickel clad partiels it 
having a size between 100 and 325 mesh ena | on i 
taining from 20 5 50% nickel based on che. 4: es ao ‘e 
- tungsten carbide-nickel eanake: itt i pr 
| i ica ts Fe 
| 24 


The nickél-clad Sluntese composite , 


described ‘in Example 1 is mixed with * a era 


(niobium) cowder of size between; G. nash and, 
ees 
. ; o33- e : , 


t 
, ‘i 


and preferably =140 4325 age th. the oe 
nickel’ 7 * a 


wel WA ep 
geht ie ae 


410 microns 


proportions of 60 weight percent of cart 


aluninum composite. ea wi & ie 
ey Sat, nw 

The powder mixture is ssieuek tn the matine Fs 

described in Example 21. The resultant acatiog fe Sf Ya 


Gubstsate © 
by. ‘srindtaat % 


4s self-bonding to @ wide variety of. 


materials and when ‘properly tintshied, 


is @ _— weercrentgtant hat 
Le We 


‘or other means, 


coating. a oe 
; FS 5 “aes +. 7 


H é& é : i : a que ba : ; a *s # 
mo ‘. EXAMPLE [25° 5 0 AS pase; 


the » nickeleclad aluminum composite daictitod 


‘ : ‘y 
‘’ same i in Example 1 18 mixed with a wiypdemsn worion al 
wn ie, . a vi " a size between -120 mesh and 410° ‘aterons. aod: beet 
ices ae aM | erably -140 $325 mesh in the reonorttons ot 4 
Las ra oa weight percent molybdenum tO. 35 weight ‘patemng, 
og of the nickel-aluminum composite. eee re ems 
vee The powder mixture 4s sprayed in the, mane", 
21. The seoukeen®. veoating ” mf 


described in Example 
"ig a. ee, 
variety of subscrete” pt 
Maes 


by peioding “s ise 


anys 
“ + 


4s self-bonding to a wide 


materials and when properly finished, 


ts @ highly weatsentaiany 5 


or other means, presen 
hard surface. : ees os 
Bll 5 te be 

ae ye 

Example 21 is angen except in plact © of oe 

ae nee 

the tungsten carbide | other carbides such as. 7 a 4 
titaniuna carbide, hicalua carbide, colunbiua ” te i 


! ig ® “3 ae ue 4 
. Be oS Ee Oe 
; aie - : pt dle 5 ei ‘a 2s 
ck oe it #, ai n 
att So ad f ; * 
- és + : Pe Teas 


Res 


carbide, chromium carbide iol atxtures of the. 


various carbides are used, 


The nickel-clad aluatnua core te 


from Example 21 is mixed wigh alain powts 
in the mesh size range 100 #325, ooshy and preter” 


aye ¢ 
fe 


ably in the -170 +325 mesh size paki ar “the pros oe A: 

<3 1 ie 
portions of 80 weight percent nickel. rere 
composite to 20 weight percent slumtnunsj, 


rh 


The mixture was sprayed in the manner . # d 
*: 
described in Exqmple 21, The coating. as Aopontted 

consists of an intimate aixture of the ‘flea 


reacted nickel aluminide waar eluminun socurely 7 if. . 

ie ee es 

- bonded to the base and particle to paceisie with 
Li dy 

the coating. a 


Upon heat-treating in the ‘geaperature. rang ‘ 
F nee os 

1250° F. to 1500° F. in reducing atagephere, fox . 

hydrogen for instance, the nickel elusinide end: 


Ae 
aluminum combine to form a dense, homogenous ‘ Z oe 


coating fused to the base materiel which can be oo : 


ueed for “cathodic” protection of {ron and seed 


subject to water and saltewnter corrosion. 


ep uel 28 I 


The nickel-clad aluminum composite powder . 
of Example 21 ie mixed with Monel powder of ® 
size between 4100 mesh and +10 microns, and pref- 


Pi 


Ann ® 
erably between -140 and +325 mesh in the proportions. 


x shes 


Baa at 35 weight percent alin’ to , 63 weight eevee Au¥ i 
ae “s ae af K : | sane or * oh 
t 4 ma Hi sald : Monel. oe : : ar fy st ; si tg Ae 6 ee tT 
ees ha: ea : at aon st » £ 
re was eprayed io che aener. 
ww 


ee , The powder ‘aixty 

oe ‘eee eh, described in Example 21. The ‘resultant "eating. 30 pp’ ‘* 
ie. 7 aes sel f-bonding to a wide variety of eubs ete 
| 3 "gals and the inclusion of the ntchatyatunics “4 


Ae ea composite, the components of whieh conkite 
in the. flane to provide the sity 
. BS 


e, considerably: inévease. 
bonds ‘within ‘cha coating 


erate “nanan : 


paweren 
ability of the mixtur 


+ get 


cle to particle 


parti 
emeability of the contin: Ys 


- decrease the pe 


“Monel. 


‘Example 28 is repe 


ae 
_ 4a substituted for the aioe yes pees Oe 
a at. The resultant coating when property itrishea 2°. 
Sb oe i : by grinding oF other means, shows “high restagante™ vag 
is to abrasion, weat, and galling by” “other pau Sa i 


lent bearing ourfacee iy "hg m x4 


and ie an excel 
«id 


ted se ae “ 
het ni 


aa ee RS 


ee aluninun Toor 325 tes)“ wat ; a 


o wre 


Finely ai 


piended with a phenolic et en 


o 36< 


“4, oa . 
ca : me ‘ ft , Aig 


50% solid contents 60 Be to fore a aixture: haven 


the consistency of e heavy syrup and contatste oon 


by weight of the metallic aluminum.” - $65 me, ih east 


ds jue’ ee A 


100 grams of this varnish aluainua poutes i: 


4.” ; oo as 
:* ae ae at 
pi mixture was added to 240 grams of nickel poides ‘having 2 sig * t 
<a . * ‘ 4, awe ¢ 
j a size between 4200 and +325 mesh, and the ‘two ‘were’ ae 


i 4 thoroughly mixed, with the mixing continued unet the -~ coh 
( varnish dried, leaving a | fairly free-flowing powder os ye 

in which all of the nickel core. particles were. ‘glad’: ¥ es ” + 
with a dry Film, which consisted of Bostgue’ ina ak 


bonded to each other and to the core averted wy 


« 
i the phenolic binder, The pit te nen ware vita oa ie Eat: ; 
ar ihe ie Ri 250° Fe to insure complete drying. There were pay x 3 
4 “ ues ea ‘minor aggionerates which were screened out Fey) ‘hands. 
(ee me " milled to reduce the same to a -100, mash pondas £7 
val ee ahs aa -- The end powder constated of spproxtnately 13 wight = * 
a Rs we . ‘ aluminum and 85 weight 7) nickel due. ‘to the lose of * rm ies 
hy ee oe  gome aluminum during the milling. The powder Ta Rae 
fe Lee ye : sprayed in the manner described in Exaaple i fea te fs" 
eit c. - a similar coating having, however; more ‘dies twice eek . 
‘* Ps vs . the tensile strength of the coating sobueet {n ’ cr 
_ Example 1. a a : Rad oe ENS © 
pt ata, aM jena’ 


MPLEL32 ae 


(a) A mixture of 6 me aluminum and 94 ee eee. 


weight joe powder are thoroughly, blended aaa, mae Sa Oa 
presse’ together in the form of —— i 


briquettes which are loaded into an aluainuma tube 


&. ot .373" outside dianeter, nF vation the ‘tube | 


ends are welded ‘closed. ie" danetee feed ; 
‘stock is then swaged to 1/4" eainatan then tos 2 
3/16" diameter and then Co a 1/a" finished uire 4 


diameter. ‘The wire is then annealed and coiled. . a 


-. The wire is then sprayed, using the conventional ‘* » 


wire type flame spray gun sold by Metco Inc. ‘as. ? 
3 


the Metco Type ade wor ° Spraying is ettected, é: ea 
using acetylene at a pressure of about 13 Ibs. 5 , ie 


s 
; 
ine es 


 peted. and @ flow a of 37 cu. ft. Int. ‘ant oxyuenp 


as the oxidizing "TT ta pressure | of 38 Lbs. stk ms 
ram. Me 

and flow rate of 75 cudft./hr. “ate te ual és & q 

blast gas at @ pressure of 55 ibe. P.O. and How} 


rate of 30 cu,lét. /min. Tho wire ts sprayed at 2* Re \e ; 


% wo og 
grate of § ft. per minute. ‘The pray material ¥ 


wt 


49 deposited on 4 surface of round and machines’ 

' finished, cold rolled steel with a * censile bend 
strength of 3820 lbs. p.e.4. The wprayed PE 
ig hard and dense; it ie wear~ and oxidation=. 
resistant and it also could serve Pr e. bate Ee 
further spraying. : 

(b) Example 32(e) is repeated ‘enqept 's 
chromium is used in place “of the gickel powder t 
4n amounts of from 24 ts weight dg sased on the 
total of the aluminum and chroatua.’ spraying net a tin 
results in @ high quality coecing’ ‘which has ifs 
bonding properties and do. nestoanndl ed oxidation 


at high temperatures. 


we 


ve | powder in place of the nickel panded ‘in ‘aaake ex mie 
yee! BA 
from 40 Z 90 and preferably 50 ! 55 weight By base 


on the total of the columbium = aluminus, hasan: 
sprayed coating formed is a high quality coating’ one 


4 


which is resistant to oxidation at high ‘emparatacyh : 


and may be used to protect tantalua and molybdenum» 


oe 
ud ae : 


bases from oxidation, ; 
8 (4) Example 32(a) 4a cieaadany “wotng tants 
‘ie powder in place of the nickel powder in pada of 
a ce 40 1% weight (2)ane preferably 65 “73 vatghe 8) * 


of tantalum, based on the total of tantalum and»: nF 
i hes eh 


eae 

4 Mies 4 Ae aluminum. The sprayed coating is @ ee high..; Ps Ys 
 XGe Puateiconee aren . quality coating which is self-bonding and te Be 
A, “ant to oxidation at high temperatures, " a xe Ke 
oe .. , ; (e) Example 32(a) is repeated, i ieee bored» Mies? a 
+ powder in place of the nickel powder in amounts of*:, E ae, 
, Ty ie 40 4.90 weight by) based on the total of boron and oe * «f 
i ¥e aluminum, The resulting sprayed coating is sett 4 Ht 
wo bonding and is resistant to oxidation at high & ¢ ' 

4 ww temperatures. : », nn 

eS, ne ‘ (f) Example 32(c) is repeated except chat y ‘ it 
je! the powder additionally contains 0.5 to 3 weight & #6, of 
a hu of boron, and/or 0.5 to 5 weight 7% of silicon, Res ae x 


a 


based on the total of the components. The coating, 


formed is similar to that obtained in Example 32(c) 


except that on heating to high temperature in air, 


=39- 


adi & 742 val sos, 


eR He: & hak 
ae RES bats cote 


a very thin, dence, pg protective: oxtse'' 3 ae 

hn Bis 4 

forms on the surface of the intermetallic. ‘composed 38 ‘4 4% P's 
v7 

rege 4 

“tes id ’ 


formed, which is resistant to palling ue te sera 
Sw ‘ 5 a iD ap 


i t 


‘t 
ie 


shock, and which fe believed nai Eokcating Si 


(g) Example 32(a) ea repeated: except, rat aac at 
tungsten carbide containing 12% binder and Having. a Be * 


particle size below aire! mesh ie added in. fear 
-9 ~ 70 weight A based on (onthe total of the omg. ah 8 


es resulting coating. is a dense,’ citrenely. a5 By 
resistant coating, which has: sel f-bonding petinee 


4 


“nt 
S00 % 
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This example may be further repeated, using, hal ? 


of the tungsten carbide specified, ¢ erystallice 


sten carbide, aluminum eute; diamonds or. any 
a4 

abrasive material. ; hare Sota “4° Wigh oy: 

Fe ese 

(h) Example 32(a) fo repeated... However 27%" 


1 : 10% by weight and preferably 1 t hd by ie: 
A Na! & 

of titanium hydride of a size. “ey pe mesh weep Ai . 
oa? F Pre att 

preferably below <325 mesh, bascd on the corel fot a ges.” 


the components, 16 added to the core vatetiatd” ml ofa 


results are the eam as indicated in Exa: aple. s2¢4) ee ae 


en 


except that the coating formed is ‘of impcoved pup te LF 
+t 


strength, containing considerably less oxide “‘Loclilsg’ “y 


In place of the titanium hydride other nivel gat a af 


1 


ions. 
\ a cm fe can 
i Mi 
(1) Example 32(a) is copeated except that the oot 
“a fad 


hydrides may be used. ee eh. *; ma ve 


nickel powder 16 uel with @ eichrone” otaet 


consisting of a chrome alloy containing .80% nickel yd 


and 2 % chromium. | When sprayed the wire gives @ 
1 , 


dense, tremely 
oxidation-resistant.. ae otk cael a de ae Pi . 

(j) Example 32(a) is ca ie meds, 
the nickel powder is replaced with ry powder waixture ' 
consisting of 80% by weight nteke ond 20% y ae 4 
weight chrome. When eprayed the wite sivesa,” 
dense, self-bonding coating which fe a moni i 


” oxidation-resistant. 


Table I below gives examples. of furshe 
ponent pairs which. may be used to form fw ps 
and/or wires in accordance with the snvonk tint 

4 ari 
Each of the component paire a6 “rioged pie 


Table I below may be formed into a compose’ Q 


or wire 68 described above, and ven, clanesaptayed™ i 


will exothermically react, forning ao intgrmotg tials 


~ gompound and high grade coating. ‘This, the boned g 


et, 


. 2 vb ws ae a 

described in Example 31 and epreyed as decribed *;- 
ORs 

therein, or formed into & composite wire ‘eo 4 we . 


ent pairs may be formed into clad powde: mee 


described in Example 32 and sprayed a8 dagertoed aM 


therein. 


a ee? 4 
greg Ms 


wise 2 hey 
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detail with reference to ker 
aft changes and modifications - 


the invention and scope of 
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a ° ore 
" eeatvelenen, wherein wel have: sium clate aut Lorene 


fusible raeepia ip heated. in a heating: zoe, nts “is 


heat~softened “ebnd tor and Propelled te ‘euch woe nt 


in the form of, a com oaita compr lend, a 
Am 


oh ~ 


with each other, with the release of at least 3 800 


calories per gram atom. 


“3. : Improvement according ‘¢0 claia 1: in 


ate, Se ¥ Bes 
said components are components which ‘wrotheraicalty” 


ealories per gram atom. 


¥ 


‘= Improvement sccording: to > olata + ‘te 4 wien! 4 Ls a 


: i one of said components is aluninug and the other’ hie a Se: 


tay 


ee aE 
. Improvement cnaabue to claim’ ae in, which ee 


said aluminum is present in amount of about ‘10 ta. ast LS 


“weight, based on the total of nickei and aluatnune: eae 


OT TD BAP por wi 
a4 we 
: sare ys 7 SQ 
; 2 Tite , LE a4 2 
: ee ‘a 
LN. Improvement according to claim’ 1 is which. 


said components are [component sign 4 selected ‘fron the group, é 
: vee Rel 
listed in: Table L alee 


wht fal we 


gq % Ses eaclns 


wxeamine Se 3. — 


% . 


8. Improvement motets to clata I tn, whteh © “i 
a? 
said composite is a tn [conjunction with ae: Aeaet one a bag 
eign he Bask tt . 
further flame spray material, an 


9. 


a 
‘fusible material is Lenceiel in a heatiog: zone Yo at: Least RAS 3 


a) a's y : . 
heat-eoftened condition and etopeiied in said. Condition. beige 


2 Qudhctrgits * 
of said zone in finely divided Tony, tl the inproverens viich * 


UF 
comprises passing the heat-fusible material into aatd fone, 


‘in the for ‘ of, individual clad meee. partietes) conpeteing. a " 


7 
ene  aeandine semgeacel to «tp, - ’ Pe ee. 7 yee 


nucleus ane a coating Lovee = why will exotheraically Sere Bel 


Eat i elena 


_ with the nucleus ati the vaauhede ase developed in. bi News! 


gone, forming an intormetallic compen hi 


“AG: Improvensnt according to clain 4 tn witch 
said components are components which exothermically react 
with each other, with the release of at least 3,000 tie 


calories per gram aton, ee + ahi 
a 


eh 
redacted ah 


pe Improvement according to olain y in which — 
said components are components which exotherateally react. 


with each other, with the release of at least 7,500 gram 


7 gee 4 
¢ “0 @ 


calorics per gram atom. 


6 ae conan t ini to cleta 9 Pe n wate said. ee 


ii oo ig 
" nucleus is iii and said coating Layer nickel. fs 


ee Inproveneht sseiedtes to: ‘claia az tr Matat’s 


aluminun is present in amount - about 10 


coating layer consists of se particles b ound eas 


nucleus hid a a binder | stig 


‘ 
By 
‘ ; 


at ey | Improvement secocting | to clata . to m witch 


| spray powder. 


17, In the flame spray process in ada ‘heatefustbie* 
‘material is heated in a heating zone to at least ‘heate’.: one 
softened condition and propalled in said eondition ovt of” 
said zone in Finely aivided Tory eo ee ae 
comprises passing the heat~-fusible material. into anid ond , 

| in the form of a composite, non-cavitating! ™ wtee| iconprteing Saha 
at least two components mike exothoratcally react with | 

- gach other at the suis ones developed in the heating zone, , 


forming an intermetallic compound. | 


a we Toprovenene according ‘to clain a in 


“4s 


calorics per gram atom, 


GY . 


21. Improvenent according, to chain n. n't 
inkisaecniin is present in amount of about 10° 


based on the total of nickel and stunting s 


. 


ies feet Ph a + at ad ; ARs, « 
a Siecnbbaaiit: according to elaine in ‘tg Made 


said components are component aiten evlected ‘fog 


ae 


group listed in Table I ae “ae i: 


ane ER eS 
ae 


"being of a component having a. lower lls point than! 
the other component, ; ee 


. 


>! 


24, Improvement according to claim 23. tn a hich ’ iy i 


said sheath is an aluminum sheath and in’ whieh said core 


ig a compacted mixture of aluminum and nickel powder, 


“ll 


fe See qn 25. “ Inprovenent according to ‘elata Ww. 40 o vhfeh ate” 
ae ie ve a multiestrand wire 4 with Aneiviual skeande ots 


: a Ry v “gun 
said components. ore 


process of clain i ieesatnn a conponite: pantaintog: ets 
te eh DAM 
least two, components which exothocuteslly enct od Hag 


Oar OAS 
‘ n 


other when melted, forming an intermetallic, ‘oon 


: Rd a h 


ie | 


process of claim 1, contain’ a sips 


4, 


the release of at least 3, 000 gren Aiories ‘per pres a weetH F 
Part ati * 


‘tease two components which sxother 
other when melted, forming en spend Conpeund fated ne ‘: 


“a Pe 
the release of at reay 18 500 gram. calories rer, oxen atoms” i, 
est oe 


A 
ua! bé 
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29. 


aluminum {8s weeseot in amount of about 10 | - 43%, ‘at on 


» 


Oe siviisobils according to cle 
said comporents are component petro 


group lisced in Table. 1 above} - : 


u 


— coating layer 0 


eee 


and oxothermically reactive therewith vhen melted ve cope a 


forming an Antornetallic | com 


a ‘ flame epray. 

val clad particles comprisin a. _muelous and ‘at ‘tate ‘ona ¥ : 
‘coating layer of a enteriel di fforin from ‘said mucha = th 
and exothermically reactive thergw h Sa 
forming an intermetallic ompound, with. 


at least 3,000 gram calovies per , sass 


1 Bike A flame spre powder in yy tors 4 of sagt 
“ual clad particles comprising 8. sucieus, ‘ond ae Lese®, one te? 
coating layer of 6 ma oriel differing from said nuclou 
"and exothermically © active therewith wheo pelted vopathebs : 


forning an intermet Llic compound, with che release “ot A, 


i % ire 
a) 
ras : 


at lesst 7,500 gra calories per pram atom, 


« th 


35. A flame! epray powder according © eleis 32.) "% Ma 
‘ae, 
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an Cm 


in which said componente ere component eda “selected 


from the group 1 sted in Tale I sbove.“.. 0°"). pe ane : 
zh yet rt) Te 


Py ace 
“ ep ht 


“ 


> any 


4 


HH 
rh’ 


a aS SI GR GE = 


° oe f ) me 2 - ne ee CE, clk 
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36. A flame spray iain according to y ciate ‘stetar ine hate 


which said coating layer is in the form of a finely divided 5 gene Pia 
“ aig E 


powder bound to the nucleus sd a Ander. me i Pade ears 8 Ls 
oy fe ' ae Pa ‘3, ¥' ay " 


“ts 


37. A flame spray pene in the form of trdividust oe he He 
r "et 
clad particles comprising a nufleus of ater ‘and @.; ae oles 
coating layer of nickel. ee ce & as 7 hm +t 
‘ cae ae $ ; q Poly * Pe ge Aly 
i’ a he we , Pan 

Be 2 aed 


aearerernr to cleia 37 nee n with ssid. 


33. 
unts of about 10° - Ait, based: ce sf "s 


aluminum is present in 


#55, 


fp 


aluminum. soe 


on the total of nickel 


39. A fleme spray iste in 


clad particles compr sing a nucleus of nickel and a fee r ‘ wi #2 
Sn ae ee Se 

coating layer of fipcly divided aluninus pactiches bound mi ic a” 
' TO ee Pat 

(he ~ ¢o the nucleus witf a binder. Suet kes ok a a reel, 
: ‘ i isa, WAS ia ete ¥ 


spray vire * guicable: far berate 
process of claim'1, comprising two’  sapgratey 


40. ‘A nongcavitating flame 


use in the 


ering from each other and capable of exor ait Sol 
acting with each ocher when melted reuecher i 
ie Spy | 


components di 


thermically 


ting flame opray wire suitable fF ee 


clain 1, mprieing two separate’ a 
. hay: 


components differing from ¢ a ec and capable of exo~ . ie > 


ting with each other when melted topethage 5 ae § 
c compound, with the release of Nene 4 Penne 
at least 7/300 gram calories per gram atoni. 7 ah oie 


* -~-@ 


ermetallt 
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42. 

for use in the process of claim mw comprh 
components differing from each other a 
thermically reacting with each other 


one of eaid components being alumi ‘nd ‘the “other bitcke 
¢ a 3 A é. i 
r Rta 


43. A flame spray + whee sui ble for, use. igh’ ) 

process of claim 1, comprising t separate conpanegté Y iow abl 
+e from each other and ¢ pable of sce 4 4 

reacting with each other when ited together, forning. nh r 


neh ° 
an intermetallic compound, w the rekéase of. 7,500 As 
gram calories per gram atom, said pra ctene ' 
ponent pairs selecte* from he group isting in tn tenia 
above. : 3 


44, A flame spray/ wire nuttable tor use, ee t 
he Pe 


‘ponent, said firet apd second components being <aplinet 
of exothernically reacting with each other when ealeed we 


together, with the release of at least 7, 500. gran gelorkee ” 
ate Tae ‘ee Pik 


per gram atom. 
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45. A flame spray wire according to claim 44> - 


in which said gheath is aluminum and said core a mixture 


of aluminum ij nickel powder, 


Oo eo * vst are we, 


46. A flame spray wire suitadl for use in the 
1, comprising indi dusl strands of two : : 


process of claim 
fron/ each other and ‘eapable 2 ih 


separate components differing 


of exothermically reacting with 


_ together, forming an intermeta}lic compound, with 


release of at least 7, 500 er calories 


— 


“ft. al Laprovement according to ‘eietn Z tn watch oe ye i ah 
rial additionally contains a metal hytenda. 


heat-fusible mate 
: n py ~ aoe ie, “f, 


Puke qf _ Process according to stetn 47 in, ‘whieh’ one of. 


is at least partially in the tors oe # 5. 
; ety? Sat ee 


anid components 


hydride. 


abil ae’ ( ciate i6 “ 


50. Flame spray 
in which one of the said components fa c Least ‘paretatiy 2 
Pa a Be 
in the form of a hydride. : a a yy 
a ore -2 ac 


51. Flame #pra 


additionally containing @ 


ae 


ray material RT: use; ie Ges eat; 


the process of clgim 1, compr Laing a composite sonata * 


which exothermically react with’ ® cut 


hm 
at least two components 


each other uyen melted, 
pairs selected from the group ¢ 
1 W, Al Ta, Al Nb, Al Ti, Al Ni, 81 Mm, ot. cr, : 


seid components being. compooent one f 
onsiosting of Al Co, Al Cr, 
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Al Mo, 


si w/ Si Co, Si Mo, Si Ni, andy Si Te. Ae a 


a ss 
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in the form of a power. 


54. 


in which one of the c ments is An 


on the other compon (§ 
/ ie 
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$5. A flame spray materdal according to claim 52°, 


in the form of a wire. 
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Honorable Commissioner of Paterts 
Washington, D. C. 20231 eo 
Dear Sir: 

Re: Our File Metco 908.5: 
On May 7: 1966 a request was made, 


of Rule 147, for the Office to prepa 
of the following application: 


ed 

Serial No.: 442,727 3 

Filed:March 25, 1965 

By: Ferdinand Je Dittrich et ale 

For: Flame Spraying Exothermically ‘Aesoulas 
Intermetallic Compound Forming ashe 


.* At te ee 

Such certified copy is intended to servis. as the” ‘Pprng Pe 4 

papers of a new divisional applications: “ aie ths oe abe 

We now respectfully request that .the ‘ericloded, ‘poi ddets* 

board drawing be entered in the divisional perrr esi 

in order to complete all requirements. w ar 
’ Wy ee, fi 
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New York, New York 10016 


~ 


| 
| 
} 
| 
| 
! 
| 
| 
| 


Us. DEPARTMENT oF COMMERCE «5, 4S RN 
PATENT OFFICE si 
WASHINGTON E Lead 


z. 


aes 


és “4g fii E 
“Bee. "5 TS. 


a so, 
Burgess, Dinklage and Sprung : 


605 Third Avenue 
New York, N. Y. {0016 


oe 


Ee T° ee 


oa 


soeage. “GRP +t + 


In re application of: 


Dittrich, Ferdinand J. and 


nepard, Arthur P. . 
poe SPRAYING EXOTHERMICALLY REACTING IHTERAETALLIE. 


COMPOUND FORMING COMPOSITES 


S.N. 592 238 
Fixed: May 26, 1966 


Ne NETO 
Fs ae te 4 


The formal drawings have been compared with the photoprints filed with ‘antad gati 
The drawings have been approved and forwarded with the application for aioe $ if Pe 


(%) The comparison charge of $10.00 has been applied agaiaet year dé 
account. ee 


(C7) The initial $10.00 payment has been accepted as the comparison charge. 


Sincerely i be 


Ap Aoarnbrowon? 


Head, Application Branch 


Your application has been forwarded to Oroup 111, 


POL<286 (10-64) 


on sie? 


Cae Oe win 
IN THE UNITED STATES PATENT ee " 


Applicants 
Serial No. : 592 238 \\S 


Filed May 26, 1966 Group 111 


FLAME SPRAYING EXOTHERMICALLY REACTING, f 
INTERMETALLIC COMPOUND FORMING eT ee 
a e° 
‘ he fi 


Mareb ay re * 


Hon. Commissioner of Patents 
|Washington, D. €. 20e51 


Sir: 


Kindly enter the following amendment inthe were 


i 
application: 


lm 
cunuet 6 claims 26 through 46_and’ 42 hey 3 
Be ae: tik, 
er 8: gts 
REMARKS (ee ee 


‘ ihe 


The above amendment cancels the claing prosetited, 


ve 


ey 


lin the perent application, Serial No. 442 727. ” we (ose 


Faz 


mee re eS rine “2 


vel 


int connntSiirece OF PATENTS t %¢v69 
WASPENGION, oc 20231 
U.S. DEPARTMENT OF commencs 


PATENT OFFICE 
WASHINGTON 


Eel ee 
i, Applicant ’ 
‘Burgess, Dinklage and oprung i ding et ¢ 


605 Third Avenue 
New York, N.Y. 10016 


a ened 


NOTING INTERMETALL! "vie 
OMPOUND FORMING C 7 


Please find below a communication from the EXAMINER in charge of this application. 


Commissioner of Patents. 


This application has been examined. 

Note attachment: List of References. 
1) An abstract 1s required, see new Rule 72(b). 
2) The current status of the applications set forth 
on paragraph 1 on page 1 of the specification is required 
to be inserted. | | 
3) laims 1 to 25, 47 and 48 are rejected as vague 
and indefinite in failing to properly define the invention 
as required under 35 ysC 112. Claims 1 to 20, 47 and 48 
are unduly broad in failing to recite that a coating i8 applied 
onto a substrate. Claims 7 and 8 are considered duplicates. 
4) Claims 1 to 4, 6 to 5, 17 to 2e are rejected 
as unpatentable over Shepard per se or further in view 
of Boggs under 35 USC 193. _ Shepard teaches the process 
of applying in a netal spray process nickel and aluminum 
(See claim 1) witi an additional component guch as boron. 
Since Shepara teacnes heating of the material during the 
spray operation, tne process is seen to be a flame spraying 


operation. In any case boggs is applied to teach titat it is 


Serial No. 592, 238 


old to flame spray plural metal components. To apply , 


the coating of Shepard by flame spraying is seen obvious. 


5) Claims 1 to 8, 47 and 46 are rejected ‘be. te 4 


unpatentable over White et al. in view of Hertz under 
35 USC 103. White et al. 1s applied to teach that it is 
old to apply flame spray coatings of exothemically 7 
reacting materials. The Hertz reference teaches that 
nickel will react with aluminum exothermically when 
heated to form an intermetallic compound. Also Hertz 
teaches that other components may be employed such as 
zérconuim hydride, It would be within the ordinary 


skill of one in the art to employ the composition of . o 


Hertz in the teachings of White et al. of flame spraying | 


an exothermically reacting composition to form a coating 


upon 4 substrate. 


6) Claims 9 to 16 are rejected as unpatentable over 


the reference (s) and reasons applied in either para- 
graph 4 and 5 further in view of Shwayder under 35 USC 
103. The Shwayder reference 1s applied to teach that 
flame spraying of ewated particles is old in the art., 
To apply the technique of Shwayder of flame spraying 
coated component powders in the process of the ceachite 
of the references applied in paragraphs 4 and 5 is seen 
obvious. 

7) Claims 17 to 22 are rejected as unpatentable 


over the references and reasons applied in paragraph 
5 supra, further in view of Shepard under 35 USC 103. 
* 


+ 


me"! 
# “4 ~s " Serial No. 592, 238 


4 4 ‘ 
Shepard is applied to teach that metal materials may oé ‘a - 


sprayed in either wire of powder form utilizing ®@ binder 


To apply the equivalent teachings of Shepards in inde 
process of Hertz and White et al. is seen well withing. 
the ordinary skill of one in the art. It is pointed 


out thatboth powder and wire feed materials are both - 
- ee 


‘ . * 3 


commonly used in flame spraying. 
8) Claims 23 to 25 are rejected over the® rereres 

(s) and reasons applied in either paragraphs 4 ane: T# 

under 35 USC 103. Applicant chooses to claim sapheatns aay 


4 


containing the powder. This expedient in ‘absence. We the *, 
as 


unexpected results, is seen to be an obvious variation ex fi can 
of the basic process. To spray both powders ‘and watt 5 fa 


by Oe 


are known, To combine a powder with a wire in ‘aye brs 
ane 


nats FS. | 
uN s 3 


for its expected results is seen within the ordinary © or 


‘skill of one in the art, With regard to claim 25' note’®. 4 
“Bleakley wherein use of multi- strand wires are "el att 


4n flame spraying. 
9) Claims 47 and 48 are rejecte 
over the references and reasons applied in paragrapy: RR 


i we 
further in view of Herz under 35 USC 103. Herz oe 


that a metal hydride may be employed in the exotbermica ne : 
Pe ai 


i ac 


hydride in the references previously employed is ‘seen to ae 
es P. 


reacting mixture. It 4s well recognized that the nyaradb ¢ 


is heat decomposible to form the metal, To employ a neta” 


be an obvious variation of the basic flame spray progess. ° 
ee 


* 
~~ 3 
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The Bleakley, Mackiw et al. Broadstreet, Bayer. 
and Joseph references cited of interest, all teach”. eh 
application of various coating materials by spraying” a3. 
including flame spraying while Grala et al. teaches j 
use of nickel aluminum eomponents. x 

, Summary: 
Claims rejected: 1 to 25, 47 and 48, 
Claims allowed: None 
A SHORTENED STATUTORY PERIOD FOR RESPONSE’ ad 
- pHIS ACTION IS SET TO EXPIRE THREE MONTHS FROM THE ‘pate’, x oe ro 
OF THIS LETTER. we 


- AGolian: hrc 


wei 521-5600 
t. 3697 


. €09 


TO SEPARATE, Oe BOTTOM EDGES, SHAP-APART AND C 


EPARTMENT OF COMMERCE 


MOTICE OF [REFERENCES CITED = "*TENTORTICE 
ERE PII AOE 


Check here If this iso supplemental citation | a 
(De not prepare on additional folder) 


FILING DATE IF 
APPROPRIATE | 


Ma l\ (226. S 
3 | Phe | Set wa (pee 


DATE 


OTHER REFERENCES (Include outhor, 


EG Ttv- Xn YS BRT an 


IN THE UNITED STATES PATENT OFFICE 
e@- 


Applicants : Ferdinand J. Dittrich et al. , 
Serial No. : 592,238 
Filed : May 26, 1966 


For : FLAME SPRAYING EXOTHERMICALLY | aay 
REACTING INTERMETALLIC COMPOUND * 
FORMING COMPOSITES 


Hon. Commissioner of Patents 
Washington, D.C. 20231 


Sir: er 
* heh 
The following is in response to the st ted e 


dated December 11, 1967. Kindly enter the £ 
amendment : PRE a. Lat 7 tr 
Pe a ae 4% eae cae 
Specification, page . line 2, after” Yat are eure ve 
me i me be ® qe nl 
1960" insert --, now abandoned-- » ee aye ro mae, 


www ee ee 


line 3, , after oie na, 
1961" inser€-- issued to U.S. Patent 3,254, (970=— “it? Mg ” e 
line 4, after F "October; 26," 


—_——_—= 


wn 


1962" insert -- , now abandoned-- 8 ie * a 
BY 


a 


line 5, —after “pebruury "10, ae 


1964" inaneto- , now abandoned-- ‘ 


—-— 


Claim 1, line 4, after "form" insert --onto_¢ 
<n 


or 
oa 


substrate-~ a 


Ce P é 


Claim 9, line 4, efter "form" ineert’--onto @ 
substrate-- x 
Neer 


— - u-_—_ -~ | 
Claim 17, line 4, after "“€orm" insert --onto & 
eect OD 


’ 


: 
Ss 
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@.. Mg Ey Tyee: e « 
2 nN, i 9a Lc a 
Ray 9 ee 


PE at. 
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fr 
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oy i, 


Ri 4ARKS 


-——_—_——_— — = 


The status of the applications set fort» in paragraph" 


1, page 1 o* the specification, has been ingerted as ‘Femuedtadg 


ren 


The -* 's have been amended in order to overcome ind te 


Examiner's rejection thereto as set forth in paragraph 3 och 


os sdind 
ori i? 


the Action. With respect, however, to claims 7 and. 8,’ 


submitted that the «ame are not duplicates. Claim 7 weqyixe 
that the ‘fomposite “contain al at least o1 least one additior addition nF 
a 


jaaversal| i.e. that this material be directly aS Lt td 
hs $+ 
in the composite, while claim 8 cails for the spraying: OS sy 


junction with « further flame spray material. Baad Gye rd 


‘wi a te pe “« 
ance with claim 8, the composite and atiretenah Bacar 
material may be bs anne as separate particles in’ 4 S aaned 


mixture, or even sprayed at the same time fren snerita oa 


A A OO A 


+, rie 


In accordance with the applicant's Anvent owt, ie 
“wo we Hg 


flame spraying is effected utilizing as the | flame: array Ms 


{ 
a 
¥ ; ry 

te , \ 
ae eT 


exothermically react with e each other at the temper d i 
Feet fe 


: oped in the heating zone to form ap _interestal lic aoe, it 
amano ain NRG: 5 


The term ~chmposite _ ag used in the speci ficat.’ 3 3 _yaee ‘page 7 
5, 2nd full. consaceeld 4 defines a structurally integral: nay " 
ts are “integrartty poumt aan ty 

-for example’in che form, 


ial, a composite containing at_ least two componente wl 


in which the componen 


oat, 


tact with each other 6 a-unit, 48 
of the coated powder | particles, c aggregace grainy, * et 
nl 


ee eee 


eft the components is not a 


~ 


wire. The mere} nisttur 


this designation. In accordance with the invention: when 


a9 


spraying utilizing the composite containing che components - 


¢ 
y 


| y mt 


4p ps 


which will exothermically react to form the intermetallic 


ig a ak 
compound, new and unexpected _ results are obtained. “thie. 9%) Ly 
pn mr emai ured ——— 4 "ie 


Ma rs ! aa 

components of the composite react durin the spraying opgre ae 

‘ aan ss ig im: ke © 

Le a, 8 

ation liberating h heat and aiding» in the pr reas, “suey ae! ciao 
in the bonding to the substrate. oe Lr * ee 
det oa ay a &. a in “g “be 

As is well known in the flame Spray, art, the bonvling - Je 
mn aes aan} “ay 

of the spray particles to the substrate hag sesh oh 2 


major difficulty and problem. The bonding gneredly” occur," 


in a mechanical fasnion, and in order to ‘achieve a Monie 
4 t, 


ew x he at mee: “et 

factory bending, the surface had to be exteristvely prepared.) 
Wg ok ghee! 

by exhaustive surface roughening, conisviihionl threading °F; e 


yo 


ul te 
the like, so that the sprayed particles would actually” ‘jrter- te 
Ae 


ed ne 
lock with the cavities foxmed by the roughening. oh Na ah 


is ue 
It was laver discovered that molybdenum would adhere ‘* oe 

te a substrate without this extensive meciarical roiughentpa a " 
and molybdenum was thus unique in what wen seme idaced’ ana. , 
gelf-bonding effect for a fiame spray Heteckai with the 2 ay 
spraying of the composites in uecordance with the 5 tecbettons : 
the bonding is greatly enhanced urd composites, sach Ls iy 
i ‘ 


nickel aluminum composites, are self-bonding even to a 


greater extent than molybdenum and have already achieved: » Nee 


, 


widespread commercial success a8 & bonding coating material,é 


None of the references cited by tt the Examiner dis-_ 


* & 


close the flame spraying of a composite containing ¢ cOmpenentts. 


which will exothermically react to form an intermetallic. sey 


ccmnenen ie TR CINTTeNN TN oF LTE ‘ 
ah 


-ompound | and none of the references»! either singly or! Asi ty 


os 
oe 


eo. 


ee combination, teach a process capable of achieving the novel 


results obtained by the claimed process. : Te a 


The Shepard patent of record simply relates to the ss oe a 


¥ 
a : we , : 
ait vy spraying of an | alloy yhich may contain nickel and 8 ‘pingy oe 
¥ y £ 4 . LS ee iy « 
fa Sy of aluminum. The material is used in the aptayweld Ad 
K L. . be ent = aes se. ° Xe yee is ‘2 3 
; ne process, in saekehs process the material is initially. deposited -, 


tg Ls 


by flame-spraying and then fused in place.: The stunts gt ay 


produces a killing effect to prevent pere 'gormition iit 


» 4 Be 


the subsequent fusing operation. The aluminus is already’, 


’ 
a 
i 
. 


alloyed with pase other components and cannotuitid dows wee, “# ef Se 
hxothermically react therewith during the spraying aaa, 
fee Be hata 
nt ee er 

Thus the aluminum and the nickel are not separate _compimendy 


in the composite but are alloyed freeSre and thug. Cae rie 


4, 


tute a completely different material. The Examine: 


appreciate that if that if the components are ‘alread coabite 


they cannot exothermically react in a _combining ments 4 


¢ The Boggs reference of record relates to the, epraying 
<  & 


of a mixture of aluninum:and copper. As patpter te ay 
<b. 


& <7 mS he 
produce the applicants' effect and has no wbigbedn te the’ qr ey 


epplicants' invention. In accordance with the ae 4 
: Re? Sia 


invention, the individually sprayed particles muet react ens 


route to the substrate and, as can well be appreciated; 
individual particles of the separate components are not’: - 


in individual contact to allow this. ae J we Bae 
= ee Sea 


Ihite et al. patent relates to an exothermic _ 


@ 


reaction of the oxidation type ! in which oxygen mu must be incor- 


ee porated for the temperature generation. | Except for the special 


the incorporation of oa oxide 


“ue case in forming oxide coatings, | . 
‘abe eae erste Aa E baad ee 
*& ys in a flame spray coating is undesirable, forming ‘an oxidized a. 

} se nL TE Gen a . oh di 
wen J a 
Ve coating. Furthermore, the addition of thp oxyge pe? the. oo 
ag  oeeeeeenteieennnle s Wet a + soe tk 
Pe oxidation will generally distract rather than aid in the. ponding. a 

ek | es 4 ar 

In accordanc2 with the novel features of the applicanta! inven+- 
Teena” ‘ gig 
rmic reaction occurs without the tncotporation I. 
re, a 


tion, the exothe 
aia” 


such as oxygen, and the end coating 18, o7 


of any hetro atoms, _ 

me. 

spite of the h heat generation is purely metallic, ae . “4 aay 
"8 vere 


The Hertz reference has been cited to show that nickel, ow BO 
Coenen marae aha 


rm an intermetallic compound, e meet 


4 
% 
* 

; 


en eee = ee a en emcee 


‘This was of course scape’! S, 


ee ad 


and textbook knowledge. There is nothing. however: in_the 
——_—_ re ae Lf 


and aluminum will combine to fo 
Gcteedeadd vale 


in an exothermic reaction. 
Jun iiatintindaniar 


ar er en 


Hertz patent per se, Or in combination \ with the other refers’ 
Ce en SS - en ee sa ac 
F OE gh vie # 
+, ences, wich would teach the use of a composite containing ; hee 
=. a RL ee namie dal " yl 
ee 
such exothermically reacting intermetallic components. in a coe 
LL nine nhc is \ a: 


flame spray process, OF that any beneficial results could be" Moa 
ALLELES, SS AOR PE ; 


obtained therefrom. Furthermore, there is no teaching inh , 


je 
the Hertz reference of forming a composite of the conponente - 


ch could be flame-sprayed. 
k + 


g to the coating’ 


¢ 


in a form whi 
a The Schwayder reference simply relate 


of tun ckel matrix in order 


Lad 


gsten carbide particles with a ni 


te to bind the articles to the surface. There is nothing in thie. 


reference which is even remotely suggestive of the flame 


site containing the exothermically 


dete Ompopos 


sp his ar ro : 4 
reacting intermetallic compound forming’ the components,” ’ 4 & 
and the coating of tungsten carbide with a .conventfonel 

sa i ME U-esnbtae 
matrix therefor, i.e. nickel, could not suggest this "ex 


’ combination with the other references. ae 


that it is known that metal materials may be soraspdas’ air 
ao eo tiny 8 
wire formed of particles using a binder. It is, of comren xgt 
* . 
well known that flame spray material may be wetlined ta” yee fag sah 


powder form or in wire form, and the wire may be formed oft 


+reews eg 


powder particles bound together. This, however, did bs ide 
indicate the spraying of material in ary of these ‘forme si 
gener +4 im y i 
containing the exothermically reacting (Gtereetallic’, ee 
a 
forming componente structurally bound together ag. a oom ‘: 


Pecan 
o- 


Cr) 


posite, which specific form produces the new and unexpected” 


As YS 


results in accordance with the invention. . 


With respect to the rejection as set forth cn par Mahe 


ff 


ar aoe ae 
agraph 8, it is pointed out that this form of the wire, mo 
t 


has proven particularly advantageous and produces superior; 
ac” 
results. It is in this form that the applicants’ assignee, : 


, 
i" 
; 4 
t | , 


at 


has commercially utilized the invention insofar as the “ce ae 


a 


type flame spray material is concerned. 


As the references do not, singly or saat atin) i ae 


* 


teach the spraying of the composites as claimed, the sane 


ae 


* 


obviously would clearly not teach the ating of euch” 


Pi dl 


composites containing 4 metal hydride additionally ‘6 Cues we ot 


as one of the components, as set forth in claims 47 ae 
ail 


Eel 
. > 


48. 


a 
> 


eee ee 


While the Bleakley, Mackiw et al., Bradstreet , Sacha 


Joseph and Grala et al. references have merely been cited a 
of interest, it is pointed out that none of these references 
teaches or indicates the spraying of the specific claimed : - 
composite combination or that beneficial results’ could be sg 
obtained therefrom 


In view of the above, reconsideration’ and allowance." 


of the claims as amended, are hereby solicited. 


THE COMMISSIONER OF PATENTS 
Wagenston OC 20835 


U.S. DEPARTMENT OF COMMERCE are ‘we 
‘i ee 
PATENT OFFICE <i “hh 
E rig. at 
WASHINGTON ‘ 


in Reply Please Refer To The Follow ng 
And Furnish Your Zip Code: 


é ore Ge 
Burgess, in lage and Sprung se 


605 Third Avenue 
New York, N. Y. 10016 


‘ Fé te wl 
; 
e* Pi 
; FLAME SPké.tING 
P ETHOTHERMICALLY RE- . 
‘ LfES Ts : 
R rT 
Please fied Lelow a communication from the EXAMI™'ER in charge of this application. . oe 


een Commissioner of Patents. 


A SHORTENED STATUTORY PERIOD FOR RESPONSE TO THIS ACTION If se7 TO te 
ie EXPIRE___ 3. MONTHS, “DAYS FROM THE DAié OF THIS LETTER. ; 
t ~ Tall) ¥, 


. Responsive to the amendment filed January 16, \ 
1968. ; ee 
ia 1.) The rejection of claims _ Ton Sv] gander 35 rd zn 
4 U.S.C. 103 has been set forth in paragraphs 4 t+ $ in ' . tt 
i the Office action of December 11, 1967, and this fejos oo 
i, tion is incoporated by reference herin. The rejection | “ - 


set forth in these paragrapls has been reconsiderediin 

A, * Pe 

‘ view of ap- p 

r, ' 

my plicant's arguments. However the rejection is seen sound, . oe 
adhered to and made FINAL. ‘, ee 


2.) Applicant urges or »>ge 27 the amendment 


he 


. of January 16, 1968 that the definition of "composite" 
as set forth on page 5, 2nd full paragraph defines a 
structural integral unit in contrast to a mere mixture 

which may be physically separated. No issue is urken 

wit.. applicant's posit.ion concerning *his definition 


= However, it 3 pointed out that \1t is conventi-nral » he 


2/6 


: 77, : 
Mena & 


Ee 776 
Serial No. 592,238 «Re 


art to flame spray an admixture of separable particles 
or spray such mixture in a form that cannot be separated te 
easily as in the shape of a wire. Furthermore applicant 
has not shown any difference in results between a Se@p~ 
arate admixture and a non-separable composite. Appli- 
cant's attention is directed, for example, to Shepard 

on the paragraph bridging columns 5 and 6 wherein a 
separable powder mixture is flame sprayed and Example 6 
of this patent wherein a wire composite is employed 
which materials cannot be separated without destruction 
of the wire. 

3.) Applicant sets forth the position that 
none of the references teach flame spraying of materials ne 
that will exothermically react to form an intemetallic 
compound. It is reiterated that the rejection set forth 
previously is seen sound. For example Shepard on the 
first Table on column 2 set forth a nickel alloy contain- 
ing as high as 98% nickel. Applicant concedes that 
Shepard teaches flame spraying. The addition of aluminum 
4n powder form to the nickel alloy is seen to provide 
an exothermically reatting mixture. Direct issue is taken 
with applicant's position that the aluminum must be com- 
bined with the nickel prior to the flame spray process.: 


Attention is specifically directed to column 3, lines 62 


Serial No. 592,238 


to 65 and Example % of Shepard. 

4.) Also as taught by While et al. it is old 
in the art to employ exothermically reacting materials 
in flame spraying to form a coating and te employ 
specific metals known as exothermically reacting in the 
process of White et al. is seen well within the okey : 
skill of one in the art. Obviously if a metal- RATHER 


than a metal oxide is desired, oxyg2n will be excluded 


ete te 


to prevent oxidation of the metal in White et al. 


a 
~ 7 


5.) In regard to the variations of spraying 
emp) ying various forms of the component materials 


whether in particle or rod form, applicant makes no ar» file 


r. 
e 
pe 


ri 


a em Je hh 4 
gument that these limitations are unobvious per se without™ me 
wt 


use of exothermically reacting powders. 


® 


Summary: 


s 


Claims rejected: 1 to 25, 47 and 48. 


Claims allowed : None. 


* me oo seer ~ 
ae sal 2 eae % ~ 
: a 


This rejection is made FINAL. 


a gE 


ak n:pe Lh * 

an: 

(703) 557-3697 Lo L. LEAVITT 
EXAMINER 


E 780 *. RECEINER: ° 
“ ik * 4 

IN THE UNITED STATES PATENT OFFICE WAY 15 63 |. 

APPLICANTS : FERDINAND J. DITTRICH ET AL . apne 
uP 168 "y 


“ 


SERIAL NO. : 592,238 
FILED : MAY 26, 1966 “ 


FOR ; FLAME SPRAYING EXOTHERMICALLY REACTING INTER- , 
METALLIC COMPOUND FORM™NG COMPOSITES , = 


GROUP : 160 a 
Lg lde beshersrinhidessseniennccnckennioean ee Peed 
. es: 
May 8, 1968 ~*> “s., 
De. ‘ 
HONCRABLE COMMISSIONER OF PATENTS sg Bla 


WASHINGTON, D. C, 20231 


REQUEST FOR EXTENSION OF TIME 
TO RESPOND TO OFFICE ACTION IN Ce 
ACCORDANCE WITH RULE 136 ; 


Si 2s 


m a 
<* 74h 
A Final Rejection was issued in the above-identifted:», 
_ we aT 


application on February 13, 1968, with a shortened period of time)‘ +" 


set to expire May 13, 1968. 5 es isa 

An interview was had with the Examiner in charge of the 
above-‘dentified application on May 6th, at which tateocies the 
merits of this application were discussed and, more eceticulsrty, 
the desirability of introducing further comparative data was dis- 
cussed. 


In order to permit time to obtain and subsit this desir 


able comparative data, it is requested that the time for filing « 


f expire on June 12, 1968. sae “ 
, baitted , 

; 1s itd Respectfully su' » 
Reruast Granted my BURGESS, DINKLAGE, & 


“f 
ae. 


rd 
ie 
| response to the outstanding Action be extended for 30 days, to} 


IN THE UNITED STATES PATE 
APPLICANTS : FERDINAND J. DITTRICH ET AL ” eioyy nr 
can tewt pe 

SERIAL NO. : 592,238 oe 


FILED : MAY 26, 1966 


' “—% «& 


i ot 1 Ay: ta 
; wjnpctehsthe gs A i : 
ny ; 


HONORABLE COMMISSIONER OF PATENTS 


WASHINGTON, D. C. 20231 


SECOND REQUEST FOR EXTENSI 
TIME TO RESPOND TO OFFICE 
IN ACCORUVANCE WITH RULE 136 _ 


S 22s 


A Finel Rejection has been issued in ‘the sotves tect] 


2 ba 3 iy * ’ 
fied application, dated February 13, 1968, “" Fh, fons 


response to expire of May 13th. Nae 4 “4 : 


As the result of an in’erview had with’ the Examiner in 


charge of this application, a request for extension of tine, to “af 
4, 


respond to the Final Rejection was fiied in order to pote hig’. 


as 


plicants to run certain comparative tests and aubeit the data. al’ 
id 


therefrom in affidavit form. These tests have now bees com~ if 
pleted and the affidavit has been prepared ead forwarded gah on, hi. 

of the Applicants for execution. This affidavit will, bet £fied 
as soon es it is executed. However, it is anticipated that 


this will not be accomp) ished in time to have hue. Examiner epr- 


sider such before the expiration of the period for response te. 
te. P * ‘ > ‘ ‘ 


x 


; 
, 
‘ 


| oa 4: 
- bt OG Pre 
E782. Gry trg se » 
r i ae 


It is therefore requested that the period for response 


extended for an additional’ thirty days 


to the Final Rejection be z 
o* "3 
to expire on July 12, 1968, in order to permit the filing and ,,] ° " 
?, rs 
consideration by the Examiner of this affidavit. hy ! 
seen i . : i. 
Respectfully submitted, ¢ 
. Ay 3 
rs. oe | 
MGG:g ¥ oc so 4 
s * & 
me Hi “* 
i i. “ped . : A 
‘ ‘ . * iN) I a 
es i ‘ ¢ ir i 
ve ei Wak 
mi . ty 
ne’ i : . é 
a fam "ig es . ‘ y 
4 # “" 
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Ate * ae 
. i ue: é ' 4 
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_IN THE UNITED STATES P. 


APPLICANTS FERDINAND J. DITTRICH ET AL 


592,238 


MAY 26, i 


SERIAL NO. 


June 10, 1956 |” 
f 


* 


THE HONORABLE COMMISSIONER OF PATENTS - 


WASHINGTON, D. C. 20231 


RESPONSE TO FINAL REJECTION . * 


bad 4 
> .? 
_ 


ie < 
Claim 1, line 6, after "two", insert =-@f ¢ 


tion as saicona’ i 


‘glloyed-- J 
F 
Line 7, 


form sufficient to-~ 
REMARKS 


Reconsideration of the subject applica} 
Applicants wish to thenk the Examiner 


shown their representative at @ recent confe 
poeta ia er SRT “ 


of thie conference are reflected in the 


ponents 
with reapect to each other and that 


te At li | a 


ead in proportion such thst they react exothermically with each 
other. These amendments are intended to more clearly point out 
the distinction between the heat fusible material of the. précess 
claimed herein end # mere physical mixture or en alloy ot che, 
metals forming the heat fusible material. . i 
As was pointed out at the above-referred-to cchterege 
the process of the instant invention requires the utilization gf 
@ two component hest fusible material in a fiare spray, prycese-” 
which two components react t together exothermically sally daring fang 
spraying. Ig_has been determined, and it is clearly peigted 4 
out in the instant spe cation, that the negure « of sagtibretee 
gesociation ¢ of the two components of the heat tustble 
used in thie process is critical. These two coniponapeg. we, 
be present as a mere powder mixture nor can they be aos" 
ge 
an atley of the two components. The physicel sasoctsfign af * 
these two components must be sore {intimate then chat We $ pare 

powder but not as "intimate" es an elloy., ? a "te? 
In the instant specificetion it has been awk 

thet cled articles in various forme, including the toc of et", 


cored wire is sufficient to enable the two components te ‘rete x 


together exothermically during fleme spraying. a ie eat tas 


ent to produce a wire having ¢ a matrix holding. diecrete perticles a 
of a cls That “, for examplé, @ wire nede up by ‘f 
mixing powdered nickel, powdered sluminum and pane Each “i 
extruding such in wire form, will not present en = ano ctisedeeliy f ; 
reacting hoat fusible material within of :@hia of ; 

i 


ice —_ ; : \ 
In this construction the a?uminus and nickel, although in yitg i i 
form, ara not so intimately ~,-ociated es to perait « ofotateh 


oe a ‘ nahi, 


mat Se er ef = 


E 785 


an exothermic reaction therebetween. 
The Examiner has rejected Applicants’ claims un wv , 


grounds. However, it is believed that as s result of ‘ive shove- 
‘ 


referred-to ce it is clear thet the basis for this rejecr 
> 


a 
tion lies in the Shepard patent, and in particulars in @ conbisny, 


Act gf rs 


tion of Examples 4 and 6 of this patent. Example 0 of tha, 


ard patent shows the production of:wire from a wixture of omy 
aa 

ethylene and the powder disclosed in Example 5. “he tiantuer! 
contention has been that if the composition of Rxsmple 4 ake vs 
4 


substituted for che composition of Example 5 in the wire ef ban 
emple 6, there would be a flame sprayable wire which woul mat, 
Applicants’ claims. it is most strongly urged chat thie b mat 
true. As stated above, s wiie formed of a nickel-eluminas ‘a 


sing a polyethylene matrix binder or 


land aluminum, using 


the terms of the instant claims since this structi 


eit of or sustain an exothermic reectic 


elusinus components of the wire. aA 
It is urged that the remainder of the references 


od 


have been considered by the Examiner all fall far anarit-38 rea 


a 


disclosure of Shepard in sc far as they are euctedeytory Pigh:s 
respect to the claims of this application. Stntlasty, seein 
4s contained in these other references which would evenn a fiege™ 
to t’.e intimacy of mixture of the two compctonh enxcurye nt Hip 
cents’ claimed process sufficient to permit thete 


exothermically react with respect to each other. ee. o@ 


At best, the Examiner's po@itiga with ' per the” 


ha 
Shepard patent, and with respect to the othew cotecsesi$ 
au : e * e if 
a= Beit , f 
* Ne 


» 


<<" s 


2 


a < 


a, 


a. 
eee wo ae 

there is 4 possibility of there being an inherent anticipation; |: 
that is to say, the Examiner considers disclosure of. the _ Shepard ‘ “ 
patent to Shiuiventiy teach a structure which is within the scobe h ee 
of claim 1 of the instant application. As pointed out eee | we 
this inherent anticipation theory is considered to be unvarrante 
and net valid.since, as a matter of fact, the produete and strucy ~ 


ture disclosed by Shepard are incapable cf meeting the: eritfoal hag 


requirement of exothermic reactivity of ‘the compésition las claim 


» a Bet 


1 of this application. Pe ae 
: oe oi 


tain comparative tests have been conducted ‘and the resulta 


thereof, which completely bear out the compositions ser “fortit in'f 


the above discussion, have been put in affidavit form’. | Thig 
affidavit has been forwarded to the Affiant for sac teue 
will be filed as coon as such e:ecuticn is ccmplete.. ee ; ‘ 
In view of the above discussion, it is most ‘strongly,’ 4 
urged that the Examiner reconsider his final a camugty and, nipge 
guch reconsideration, conclude that the claime of the  tnetaae aoe 
plication define allowable subject matter. It is therefore ae 


quested that the ciaims of this application be indicated to*be 


Tee 


allowable. 


2 


we 


Respectfully submitted, 


Pd 
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U.S. DEPARTMENT OF COMMEREE 
PATENT OFFICE 
WASHINGTON, D.C, ment 


as __APPLICANT INVENTION AUG 26 Ps] bs 


ING INTERMETALLIC COMPOUND FORMING 


FLAME SPRAYING EXOTHERMICALLY REACT- GROUP ‘tgp 
: 4 
COMPOSITES : 


G (LAGE AN! 


5 f 
605 Third Avenue a A Golien:pe 
New York, New Yerk 190i (703) 557-3697 


Please find below a communication from the EXAMINER in charge of this application. 
A ee aanae 
Commissioner of Paceare, * : 
; EAE Sal 
1, [7] The communication filed is informal for che reason(s) checked below and should be "he i 
corrected. 


APPLICANT IS GIVEN ONE MONTH FROM THE DATE OF THIS LETTER OR UNTIL THE Pian 
TION OF THE PFRIOD FOR RESPONSE SET IN THE | AST OFFICE ACTION, WHICHEVER IS L Hee 
WITHIN WHICH TO CORRECT THE INFORMAL ITY. a 


Pe obs liad 

a. [7] The amendment to claim(s) Sey <1”. Kaemnecnieu nt cya asain tet tails to Stil | Hier 
with the provisions of rule 12i (b) (c) and is accomlingly held to be non-reapunsive q %, 
sec. (c) of the rule. Ag rs 

‘i, fe 


A supplemenral paper correcting the informal portions and complying with the role is saquizsd. ; 
re 


b. [7] The paper is unsigned. A duplicate paper or ratification, properly signed, is required. ee 


s (7) The paper is signed by is ots of recotd, Soa 
power of actorney with & retification, or a new paper signed by a person of recodd, is fequired. ie 
. 
4. [77 The communication is presented on paper which will not provide a ef Copy. A pereacot ge 
or a request that a permanent copy be mede by the Office at applicant's expease, is required. 
M. P. E. P. 714.07. 


J 
. 
ud 
} 
C. 
a" 
: 


* 
2, [7] This application is being forwarded to Abandoned Files Unit in view of: 
a. (7 The lerrer of express abandonment which is in compliance with rule 138, 


b. [} Applicant's iailwe co file the proposed nmendment of within the period tor 
response set in the Office action dated _ * 


. & LL) Ip accordance wirh applicant's request, THE SHORTENED STATURORY PERIOD FOR RESPONSE 1d 
THE OFFICE AC TION DATED IS EXTENDED FOR ONE MONTH. 


No further extension will be granted unless approved by che Commissioner. Rule 136(b). 


ro 
4, wi Prosecution oo the merits is closed in this application and the Notice of Ailowwnce or other appa: cases 
comaunication will be sent in due course, in view of: 
ee dame 968 aw o dune 2g 968 
a. (7) Applicant's communication filed eo ’ 


bw [0] Telephone interview with ene, Ue oa 


c. (~] Personal interview heid with _ _. 2 - ‘ 
ae fo wr, BD beef 
cy ‘Aotunt 

Pae-aa7 c2-00? EXAMINER @ avo: 1886~- — 


* 
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U.S. DEPARTMENT OF COMMERCE 


PATENT OFFICE é 
WASHINGTON, D.C. 20231 C } g566 
Paper Ho. 


» Pallow ing: 


In Reply Pleese Ref Tot 
cot 


EXAMINER'S 
NAME 


A. Golian i 


FERDINAND J. DITTRICH ET AL. 
APPLICANT INVENTION 


e 

\ FLAME SPRAYING EXOTHERMICALLY REACT- 
ING INTERMETALLIC COMPOUND FCRMING 

COMPOSITES 
BURGESS, -DINKLAGE AND SPRUNG 
605 Third Avenue 
New York, New York 10016 


P cacwe, ¥8 


ere oo 
e & . « . . « 

‘ Please find below a communic ation from the EXAMINER tn charge of this application. ® 
, 

{ Commissions of Potente 

+ wi * 
ppitics TO THE APPLICATION RECORD UPON ALLOWANCE ' , 


EXAMINER'S CHANGE AND, OR A 
and/or citation of references are 


‘i This application is in condition for allowance. Changes 
hy specified below. Should chis not he acceptable to applicant, an appropriate amendment may be 
i proposed under Rule 312. To ensure consideration of such amendinent, it should be submitted 
' on or before the date of remitcing the issuc fee. ; 
rani * 
es PROSECUTION ON [HE MERITS 18 CLOSED AND A NOTICE OF ALLOWANCE WILL BE 
rg cs MAILED IN DUE COURSE. 
a 
td The changes and/or additions are as follows: . 
4 ee 
On page 1, before the first paragraph the 


following has been ad.ed: 


s. co. Abstract 
Method of coating a surface by flame 


spraying two or more components which will react with 


one another during the flame spraying to form an 


intermetallic compound. 
po a : vig Pred e iene 
On page 43, the last paragraph has been 


eancelled. ‘See 847 0.6. 331. ya 
Vs 
. "4 Golian:pe a , ‘ 
ne a 
is =» 469’ Be ae A Ake dans 4 
ace qaamcbee ALPRED L. LEAVITT 
EXAMINER 


SPONDENCE 


‘ 
. 
$€ FURMISH YOUR LIP CODE mt ALL coRrRe 


PLEA 
8 


IN_THE UNITED STATES PATENT UFFICE 
APPLICANTS : FERDINAND J. DIITRICH ET AL 
SERIAL NO. : (592,238 ’ 


FILED : MAY 26, 1966 


STAT OF NEW YORK ) 
7} S8i 
COUNTY OF NASSAU ) 


and say: 
That I am one of the co-inventors of the 
fied patent application; 
* wt # 


That I have carried out, or have had obvrted cxgh, eye 


+ Ww, ¢ 
sy direction, certain tests ae set forth hereinbelow: ,- : as be 


os a 
be A wire made up of polyethylena, nickel “powder pet os. 4 te 
4 A 


Tua, ? 


minum powder was made up according to the disclosure of Sap he 
6 of U. S. Patent 2,936,229. This wire hed an atentasite tas 
nickel ratio of 1:6jé. This wire was sprayed, ae f Lew — 
ing, using a spray gun 45 set forth 
identified patent application. 

+-e aluminum and nickel did not ex “hermicelby, ate 
any other way, reict during spreying end the gubetrata sae 
waich the wire was flame sprayed was found to 


mixed, unreacted aluminun and nickel. ‘This coating, e® fi aioe 


aprayed, hed s very poor adherance to the subatrate. 


E 790 Ba @ foe 96 Se 'y >: 
ane ate ‘ = ¢ 
7 wwe ; 


» 


2 
ag 
* 


2. Following the procedure set forth in Exempie “31 Ss is 


above-identified patent application, various proporttonad etsd) + 


powders of eluminum and nickel were flame sprayed onee 4; cnoonby. } 


« 
clean, aild steel substrate surface. The slusiauw othd' atehet 
aE SIT 2 
parti-les had the fo?lowing percentages of alomisun , ont the’ re- “4 
sini ees opel a 
sulting flame spraye oating had the following ¢ tensile thea ¥¢ 


.* We 
strengths: iF iee eh As 4, 


acne ne 63.) ¢ 
ZAL Tensile bond strength, £8 
v 6 y 
a) 
2.5 2258 
7 *® 
5.0 3570 | 
10.0 3610 a? 
a 
3. Example la of the above-identified — apr. 
was followed, using a nickel-clad aluminum powder wifes a pret” the 3 
portion of 20% aluminum and 807 nickel. The fiona dei -a x4 
. Siig 
coating on mild steel had a tensile bond sbeigth ag. a78d pid i Por : 


4 a. - 

A wire having the same proportions of ‘asad anh 0 
inua end made in a manner such as is set forts in, the Bove 2 : 
identified application was flame sprayed onto ai fferent, steei: 


gubstrates. The tensile bond strengths varied tren ik ais 5. 


to 3150. 
ai 
eaten. 
Sworn to before me chis . ob 4 
* i 'n 
10% gay of Tune, 1968 fae Gar 
*, es 
* by w. + ' 
ire . 3 
we £ 8 Re 
« : ~~» *. A a 
384 , te. : 
Quaiitied im Nassau & Sutfom County ae uf ” 
Cammission £ spires March 30, 1970 ‘ eke Saal * 


on 
EE 


wit 7 
ae 
I 
' iH 
y 7 
Pa 
i . 
6 | 
! 
é | 
“ g | 
po 10 | 
ry 
ie “ 
¥ 13. | 
= 
Bg w 
e 12 


ee 


gg 
’ 
~ 
a 


pare 
f nie a el 


Coe ae IN THE UNITED STATES PATENT OFF}GQE 2¢ es x | 


a 
APPLICANTS . FERDINAND J. DITTRICH ET AL 
ANA f.. © 
SERIAL 10. 592,238 Latyed, . ‘Ay 
q* r 
FILED : MAY 20, 1966 : Pe : 
« ; a r ts 7 bs ** 
FOR : LAME ING EXOTHERMICALLY REACTINGC , » aT a 
INT ERM LIC COMPOUND | eit: 
Group : 160 ‘ee oe 
iad ee " 
‘ i : a c 4 . a 
Oo pe oo oe eee cose er oan se ee ee alain at Wei J cia 
i‘ nie. 
June 19, 1968: "& = > 
; “aya of 
uote a ie Vie 
AMENDMENT. at er PR 
: fe eke 
HONOURABLE COMtiTSSIONER OF PATENT? . 4 | ‘ 
WASHT crown, D.S. q or oy 
i mot Se ae 
Sir; : pred 
at oh SOR: , 


Supplementary to the Response to the ~ nal Ke jection 
3 yt 


ye : 


dated June 17, 196%, encloser. serewith i: in Aftidgvit Unser coll 


The data set forth in thi3 apetaeriy ok 
“ferences between cth- process cledned beget | and she - 

* Bo 
the most pertinent art cited by the “Exat ie 


' 


Provisions of wsle 132. : 

y 
show the di: 
processes disclosed ‘r 


d that the Examiner consider this abot 


miner. It is requeste L: 
ation with the affidavit and, upon such consideration, “ete the 4 
i “4 o ay B14 
claims herein to be allowable. , Ts fone L) Se, * 
¥ ¥ é ‘as * 7 


Respectfully submitted,. * ms, 
BURGESS, DINKLAGE & seRvy . 


eval Ur APPEALS E 79 a 


tceo 305.5 
JUL19 1968 | Of Wee si Ee 


* . NOTICE OF APPEAL FROM THE PRIMARY EXAMINER TO THE BOARD OF APPEALS" nr" We 
/ U. §. PATENT OFFICE 4 
In re application of: FERDINAND J. DITTRICH, et al. 4 4 
July 11,1968 : 
Serial No.: 592, 238 , r ; 
For: FLAME SPRAYING EXOQTHERMICALLY REACTING 7. 4 
INTERMETALLIC COMPOUND FORMING COMPOSITES : " ‘ 


Filed: May 26, 1966 ; : 
ae APPEAL NO, 975 05 Fes vig 


To Commissioner of Patents 


we ee ot 


Sir: : 
as | Applicant hereby appeals to the Board of Appeals from the decision datea_Febvmuary 344, ‘ 
4 2 4 of the Primary Examiner finally rejecting claims _i to 253 = “ | : 
BS ; The item(s) checked below are appropriate: “ ve: : 
¥, | _ 1, (J An extension of time <o respond co the final rejection was’ pranced on MAY 25,2968.‘ : ost 
pe | Gyrered ie. 1 tl. She of Se 13,1908 Sor 1 memes + | i 
. i 342 | ee . ’ 


P 4 eo 2, (€] A timely response to the final rejection has been filed, as provided in 841 0.G. 1411". 


_ #.: ve: 
oe ad Fee $50.00: : a : , 
77} Enclosed ’ 1% 
ae Not required (Fee paid in prior appeal) : ae 


02-4740 


(X) Charge co Deposit ‘Account No. (One additional copy et thie Notice 
enclosed herewith) et 


Mal 


2 gos ar ris 
oe BURGESS DINKLAGE PRUNG A 
he /} : Yo oo Zz de RY : 
hea ss « V oe & : : 
— Signature (Rule 191(b)).--++++- B re lye 
34) “ “ 
a | ; 3 
#4 yp - Post Office Address (to which 605 Third Avenue ‘ 
a correspondence ia to be sent). ane 
ee . 4 
Oe New York City, N.Y. 10016 ‘ 
@. | 
r. 4 


ae ee 


* 
-— 2" 


A ae ae ae ne a aD ee ae 


Applicants : Ferdinand J. Dittrich’et al. 
Serial No. : 592,236 


Filed : May 26, 1966 ; tgs 
For : FLAME SPRAYING EXOTHERMICALLY REACTING *..- 2” ?2} +, 
INTERMETALLIG COMPOUND FORMING conenrtan yess ‘ 

eer 

Group + A, 0, 16) - Examiner : Ae polar’ H 


lionorable Commissioner of Patent 
Washington D.C. 20231 


vo 
“¢ ai 
at least heat-softened condition and propelled ip ‘gue ee s 


dition out of said zone in finely divided form onte « il el 


the improvement which comprises passing the neat -fucfeag'e 
oe? a 
jal into saiu zone in the form of a composite comps ibing: wy 


a 


least two distinct, eeartTtyes) companents wal ba d t vd 


thy 
as a single alloy and in proportion and tors sugéierent Bp. ey. 


ee oe odd 
exotheraicsily react with each other at the ronigezgrbed de. : 


a en 
veloped in the heating zone, forming en intermetallic ecompenund, 4 


" REMARKS 


~ 


The above amendment is offered to clarify claim. “>, 


»¢ 


as amended and to avoid any misinterpretation of the claim,’ aE 
; »" ¢ 


The amendment was offered to distinguish fre a cor 
6, 09 


and it was obviously not sueenie’ to extlud 


as previously drafted, % | 

, tg 

single alloy powder, ; 
a 


th of the distinct components are _ 


¥ 


composites .n which one or bo 


themselves in alloyed form, Thus, for example, in the pres 


ferred embodiment where one distinct component is nitkel and.” i 
etl os 
the other distinct component is aluminum, either or beth of * 


Mes, : 
be in alloyed form, provided they are 
f eT ee 
There aye: iret 


these components may 


not simply alloyed together as a single alloy, 
« pe of shew 
numerous examples where 4 metal component which. reacts Ce 

soil 


a 
thermicaliy with the other component is in an alloyét form ‘as, * 
¥ 


for example, nickel alloy in Example 32 (i) and with iron " 
as described on page 8. : * “» | 
It is therefore respectfully requested that ne 9 5 | 
amendment be entered under Rule 312. “ 
Respectfully submitted, i rate 


BURGESS, DINKLAGE & SPRUNG “- 
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U.S. DEPARTMEN’ OF COMMERCE 
PATENT OFFICE 
WASHINGTON, D.C. 20231 
Papc> Me. 218 


EXAMINER'S : taatled 
oo A.G.Golian 


— é 
| = 461s May 26,1966 


APPLICANT INVENTION 
ame spraying Kxothermically React- — 


ing Intermetallic Gompound Forming bats 
Composites 


| ‘tou 1968 


|" Burgess, Din“ lage and Sprung 
_| 605 Thrid Avenue fenetD 162 
Ves York, New York 10016 Sate oo 


Let CA CA 


Nov. 18, 1968 


———— 


The ameadment filed under Rule 3:2 bas been con- 


sidered, and has been: 


£, KH encered. 


2. [_]entered es dicecred to matters of form not affecting the scope of wne invi..uon (0.3311). 


a FF 


3. [] disapproved. A report appears below. 


4. [_] entered in part. A report appears beiow. 


By Direction of the Commissioner 


Pees ee ae 


= 
dl 
= 


bd 


he 
“e 


= al cz 


» 


PROSECUTION ON THE WERITS IS CL.dSED AND A NOTICE OF ALLOWANCE WILL BE 
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U.S. DEPARTMENT OF COMMERCE C 25ers Ft 
PATENT OFFICE bd 
WASHINGTON, D.C. 20231 f 
p 19 4’ 
oper No 
In Rep'y Please Refer To ‘he Following: 
EXAMINER'S * 
NAME A. G. Golian 
Fs acaiimuanoenntsientuaseiamreninaiemnccnainentan sent ienenrennnr eT Mailed 
[361 | May 26, 1966 592,238 
GR.ART UM, Te aine GATE mene 


Ferdinand J. Dittrich et al 


(HAILED 
avd 1968 
EROUP 162 


— ern 
APPLICANT iil INVENTION 
(Dilan bier 


FLAME SPRAYING EXOTHERMICALLY REACT- 
ING INTERMETALLIC COMPOUND FORMING 
COMPOSITES 


605 Third Avenue 


ee aT ae 
| BURGESS, DINKLAGE AND SPRUNG 
New York, New York 10016 


Please find below a communicacion from the F XAMINER in charge of this application. 


Commissioner of Patents 
XAMINER'S CHANGE AND OR ADDITION TO THE APPLICATION RECORD UPON ALLOWANCE 


This application 1s in condition for allowance. Changes and/or citation of references are 
specified below. Should this not be acceptable to applicant, an appropriate amendment may be 
proposed under Rule 312 To ensure consideration of such amendment, it should be submitted 
or cx before the date of remitting the issue fee. 


MAII.ED IN DUE COURSE. 


The changes and/or additions are as follows 


The following has been substituted for the first 
paragraph in the specification. [Hirnis is a division of a 
‘" i 


application Serial No. 442,727, filed March 25, 1965, now 
f et 


Patent No. 3,322,515. which was a continuation-in-part of ap- 
plications, Srial No. 72,543, filed Novemter 22, 1969, now 
abandoned; Serial No. 134,544, filed August 16, 1961, now 
Patent No. 3,254,970; Seriat No. 237,786, filed October 26, 
1962, now abandoned; and Serial No. 343,705, filed ic pitas 10, 


1964, now abandoned .<}{ . 


¥ 


es E 797 e. | a 


: 7 inmues : wat YS 
a U. $. DEPARTMENT OF COMMERCE tile cpplloction shaiapy cain 


THE COMMISSIONER OF PATENTS PATENT OFFICE serie! number, date Ming, 
WASHINGTON, 0. C. 20231 and name of the applicont. 
WASHINGTON 4 
’ 


NOTICE OF ALLOWANCE 
AND ISSUE FEE DUE 


ihe application for patent identified below has been examined and found allowable for issuance 
of Lerers Patent. 
i | apo DATE ————TSERIAL NO. NO.OF CLAIMS ALLOWED | EXAMINER wa GAOT 


05/26/66 | 592238 27 Leavitt 16) 
ee eT aan and rye 

apeticant| Shepard, Arthur P.; Flushing N. ¥. ' 

| HAILED Oct. 29, 1968 agb 

LES! “Flame spraying exotherm cally reacting 6 oa 

1 f indicotes intermetallic compoind forming composites tm Br 


TO wo SHEETS @ $2 € acH [3 O PAGES @$'O EACH | ISSUE FEE QUE CLASS-SUB 
oe sale 
$202 117/105. 


a a 
» ‘4 


% 


With the allowance of the application, the ubove indicated Issue Fee becomes due and payment must bemede 
within three months of the date of this Notice or the application shall be regarded as abandoned. si 
The Issue Fee is one hundred dollars ($100) plus two dollars ($2) for each printed sheet of drawing and tem, i 
dollars ($10) for each printed page of specification, or portion thereof. ae. eo “ye 
Inasmuch as the number of printed pages of specification must be determined in advance of printing from the 
amount of motter in the allowed application, the Issue Fee is subject to change. After the patent hes been wisted, 
the estimate will be reviewed in light of the actual number of pages of specification. If it is found thet an . 
cherge was made, you will be notifiec therecf with the issuance of the Patent and the matter will be referred to the - 
Finance Branch for appropriate action. If the number of pages is underestimated by two or more pag@sy you will 
receive a notice of Additional Issue Fee Due with the Patent and payment of this amount must be made withigy. 
three months of the date of that Notice. Failure to remit any additional fee due within three months (ro ra thp due » 
of that Notice will result in iapse of the Patent. i ee 
As a convenience in remitting this fee, use of the enclosed Form POL-85a is suggested. The bh pad Fao, wi tte. 
not be received from anyone other than the applicont, his assignee or attorney, ora party in interest as drodn ‘ 
the records of the Patent Office. A form is enclosed relating to the address of the inventor(s) which requidbe te 
sttention . 
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if it is desired to have the potent issued to an assignee or assignees, an assignment, together with tole fer 
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recording the same, must be filed in this Office on or before the dote of si impr of the Issue Fee. : 
The patent will be issued und forwarded within approximately two months after receipt of the Issue Fee. 
By direction of the Commissioner. ' 
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We, the undersigned, declare withrespect to the above-entitled application that the subject, 
matter of the allowed claims was part of our invention, was invented before we fi:ed our original application, « 
wbove-identified, for such invention; that we do not know and do not believe that the same was ever known | 
or used before » invention thereof, or patented or described in any printed publication in any coumuy 
before our inve thereof, or more than one year before our application, or in public use or on sale in 
the United St...» more than one year before the date of our application, that sald invention has notbeen.* « 


patented in any fore'gn country before the dete of our application on an application filed by us or ous legal 
representatives or assigns more than 12 months prior to our application in the United States, an# has“ . , 


not been abandoned, 
‘ the 4 * 


The undersigned petitioners declare further that afl statements made heretn of thelrown -, 


knowledge are true and that all statements made on information and belief are believed to be true, and je 
further that these statements were made with the knowledge that willful false statements am the tike poy .", 
both, under Section 1001 of Title 18 of the United States » : 


made are punishable by fine or imprisonment, or 
eopardize the validity of the application or any patent _* Pe 
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Code and that such willful false statements may | 
_4 issuing thereon. « 
: inventor: < wat 4 : ignature) | 
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Ccmmunications regarding this notice should 
refer to Patent No. and Date of this notice 
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APPLICANTS ; FERDINAND J. DITTRICH, et al 
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FOR » FLAME SPRAYING EXOTHERMICALLY REACTING ie 
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HONORABLE COMMISSIONER OF PATENTS wg 


WASHINGTON , p.c. 20231 
APPLICATION FOR CERTIFICATE’ 
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Applicants and heir Assignee of the. above, ph 


ereon respectfully f sh 
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application and patent issued th 
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follows: 


pe ew 

I. The above application issued to patent’ Nay Se ere 
rn c ge ee ge * A i 

om. 


on April 1, 1969. 
M fal 
“ll. Colum 9, line 38 (specification, page ae line, 


AL-n" should be --Al-Ni-~-; 

solumn 13, line 56 (specification, 
" should be --powder=-~3 ‘ Fe re tine 1s 
ication, page 38, ‘aes t3) 


- o ty 


ia’, 
olumn, line 58 (apectficattia, pege hs 


“ Ill. page suit 
ee a 


line) “poyder 
Le a, Column 14, line 20 (specif 


| tend"? should be --and--. 


ee vy. Column 15, first c 
*B Co" should be --B Ca-s; 


| 42, line 5, 2nd colunn) 


| Se ae . a 
VII. Column 15, line 33, 2nd Colum (specification pege™ ak 
42, line 24, 3rd column) "Ce Nb" should be --Ge Nb--; oe be 


iy 
od a te 


oe. Column 15, line 34, 2nd Column (specification, ; 
| page 42, line 25, 3rd column) "Ce Zr" should be =-Ge. res iy 
vy) IX. Column 15, line 35, 2nd colum orate 
page 42, line 24, 3rd column >) "H v" should be cancefed.. 
we X. Column 15, line 42, 2nd colum (apectticat 


sate XI. Column 15, line 46, 2nd column Corectgiongio 
page 42, 4th column, line 10) "La Te" should be Be: Th-- ; 


we ete 
“XII. Colum ig line 24 (Official Action dates 


"Mackin et al'' should read --Mackiw et-al --. " 
XIII. The mistakes complained of were incurted ay 
ss fault of the Patent Office and without any = hatpos 


on the part of the said applicants or their assignee, es. eee 


ae 


herewith. 
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Npuess a Certificate of Correction duly issue and be endorsed +" 
| upon said Letters Patent and recorded in the nenenpe of patente,’ 
| stating the fact and nature of said mistake herein complajned of, 
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23 jjand that a printed copy of such Certificate be attached to - 
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24 jeach printed copy of the specification. aac ve 
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UNITED STATES PATENT OFFICE 
CEKTIFICATE OF CORRECTION 

Patent No. 3,322,515 May 30, 1967 

Ferdinand J. Dittrich et al. 


It is hereby certified that error appears in the above numbered pat- 
ent requiring correction and that the said Letters Patent should read as 
corrected below. 


Column 3, line 49, strike out "the", second occurrence; 
coluan 7, line S, for “as” read -- at --; line 7, for “de- 
posite". read -- deposit --; line 69, for “aluminum” read -- 
alumina --; column 9, line 6, for “sprayer” read -- sprayed 
--; column 16, line 75, for “reactiing" read -- reacting --. 


Signed and sealed this-Sth day of December 1967. 


(SEAL) 

sttest: 

Edward M. Fletcher, Jr. EDWARD J. BRENNER 
Attesting Officer Commissioner of Patents 


United States Patent Office 
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3,322,898 i 
FLAME SPRAVING ENXNOLHERMICALLY REACT: 
ING INTERMETALLIC COMPOUND FORMING 
COMPOSITES 
Ferdinand J. Dittrich, Nellmare, and Arthur P. Shepard, 
Flashing. N.Y., assignors fo Metco, Inc., 2 corporation 
of New Jersey 
Filea Mar, 25, 1968, Ser, No. 442,727 
28 Claims. (Cl. 29-—191.2) 


This is a continuation-in-part of copending applications, 
Ser, No. 72.843, filed Nov. 22, 1969, now abandoned; 
Ser. No. 134,544, filed Aug. 16, 1961, now Patent No. 
* 254,970; Ser. No. 237,786, filed Oct. 26, 1962, now 
abandone:; and Scr. No. 343,705, filed Feb. 10, 1964. 

This invention relates to the flame spraying of exo- 
thermically reacting intermetallic compound forming com- 
posites. The invention more particularly relates to the 
flame spraying of flame spray materials in the form of 
composites containing two or more components which 
will exothernvically react with each other during the spray- 
ing, forming one of more intermetallic compounds, and 
to a novel group of such composites including powders 
and wires. 

Flame spraying involves th: feeding of a heat-fusible 
material into a heating zone, wherein the same is melied or 
at least heat-softened, and then propelled from the heat- 
ing zone in a fincly divided form, generally onto a sur- 
face to be coated. 

The material being sprayed is generally fed into the 
heating zone in the form of cither a powder or a wire 
(the latter term designating both rods and wires). The 
spraying is effected in a device known as a heat-fusible 
material spray gun or a flame spray run. 

In the wire tyre flame «pray gun the rod or wrre of the 
material to be sprayed is fed into the heating zone formed 
by a flame of some type, where it is melicd or at least 
heal-softened and atomized, usually by blast gas, and 
thence propelicd in finely divided form onto the surface to 
be coated. The rod or wire may be a conventionally 
formed real or wire of a metal, or may be formed by sin- 
tering teccther fincly divided material, or by bonding to- 
gether finely divided material by means of a plastic binder 
or other suitable binder which disintegrates in the heat of 
the heating zenc, thereby releasing the material to be 
sprayed in finely divided form. 

For spraying fincly divided, ie. powdered material, a 
powder type flame spray gun is used in which the powder, 
usually entrained in a carrier gas, is fed into the heating 
rene of the gun formed by a flame of some type. The pow- 
der is cither melicd or at Icast the surface of the grains 
heat-softencd in this zonc, and the thus thermally condi- 
tioned particles propelicd onto a surface to provide a coat- 
ing. In the powder type spray gun as no “atomizing” en- 
erry is required, a separate blast gas is often dispensed 
with, though the same may he supplied in order to aid in 
secelcrating the particles and propelling them toward the 
surface to be coated. 

The bast gas may be provided for both the wire tyre 
and powder type puns to perform the additional function 
of cooling the workpiece and the coating being formed 
thereon. 

The heat for the heating zone is most commonly pro- 
duced from » flame caused by the combustion of a fucl, 
such ns nectylene, propane, natural gas, or the like, using 
oxygen or air as the oxidizing agent. The heat may, how- 


ever, also be produced by ¢ arc flame or, in 
the newer type of puns, tp i flgama 
flame may in itself constitite part Of an clec are, or, 


in actordance with a newer development, may be in the 
formiof a “free plasma sircam,” ie., a stream of plasma 
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which may he considered independent of the are as it docs 
not contribute to the electric uw between ciectrades. 

Heat-fusible material spray guns utilizing clectric te- 
sistance heating or induction heating as the heat soure 
have alio been proposed bit have not proven commer. 
cially successful except in connection with the spraying of 
low melting point metals, such as solders, lead wnd zine. 

Flame spraying in the initial stages of its commercial 
development was used mostly for the spraying of various 
metals and was often referred to as metallizing. However, 
the art of flame spraying extends to the sprying of a 
much wider group of materials, including higher mehking 
point or refractory metals, ceramics, cermets, and the 
like, and such materials are of increasing commercial in- 
terest. ' 

In the case of spraying heat-fusible materiais in the ini- 
tial form of a rod of wire, the rod or wire is generally 
of a single composition, i.c., in the form of a spesific meial, 
alloy, ceramic, or the like. While it is true that reds or 
wires formed from finely divided material bound tozether 
with a binder of plastic or the like, as mentioned above, 
were known, the binder gencrally did not take part in the 
spraying or contrit-ute to the coating, and merely served 
the purpose of maintaining the rod or wire in shape until 
fed into the heating zone. 

In the case of flame spray powders, while powders 
formed of several constituents were known. the same were 
generally in the form of a powder mixture of the indi- 
vidual constituenis or, at best, a particle aggregate. 

One object of this invention is the spraying of the heat- 
fusible material in a novel form which allows the obdtain- 
ing of superior results. 

A further object of this invention is a novel group of 
flame spray materials. 

These and still further objects will tecome apparent 
from the following description read in conjunction with 
the drawing in which: 

FIG. 1 diagrammatically shows a cro«s-section of a 
grain of novel powder in accordance with the invention; 

FIG. 2 is a cross-section of @ further embodiment of 
an ageregate grain of novel flame spray powder in accord- 
ance with the invention; 

FIG. 3 is a diagrammatic cross-section of an embodi- 
ment of a novel flame spray wire in accordance with the 
invention; 

FIG. 4 shows a cross-section of a further embodiment 
of a novel flame spray wire in accordance with the inven- 
tion: and 

FIG. 5 shows a still further embodiment of a novel 
flame spray wire in accordance with the invention. 

In accordance with the invention, the flame spraying 
is effected with the heat-fusible material in the form of 
a composite containing at least two comfoncnis which 
will wxothermically react with each other at the tempera- 
iures developed during the spraying, forming an inier- 
metallic compound, . 

The term “composite” as used herein is intended to 
designate a structurally integral unit and docs not in 
clude a mere mixture of components which may be 
physically separated without any destruction of the struc- 
ture. Thus, in the case of powder, the term “composite” 
does not include a simple minature of individual granuies 
of the separate components, but requires that each of 
the individual granules contain the separate components 

ich will exothermically react, forming imtermetaiic 

pounds. In the case of wire, the individual @ompo- 

ts must be incorporated in a single wire. In the com- 
Pariic the components must be in intimate contact wiih 
each other. 

In connection with powders, each grain may consist 
of an aggregate containing the two componcats which 
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will exothernically react, forsoun the intermetallic 
compound, but preferably the & Anidual prains of the 
powder are in the form of a celal camposite consisting 
of a nuctens of ene of the components and at least one 
coating Jayer of the other component. Alternatively, 
the composite may consist of separate, concentric coat- 
ing laycis of the two components and a nucleus of 
still a third material. 

In the case af wires, the composites may he in the 
form of a wire having a coating sheath of onc material 
and a core of the other, alternate coating sheaths of 
the components and a cere of a third nrcterial, a wire 
formed by twisting or rolling separate wire strands of 
the components, a wire consisti..g of a sheath of one 
component and a core containing the other component 
in powder or compacted form, a wire consisting of a 
sheath of onc component and a core containing a com- 
pacted powder mixture of this same component material 
pnd one or more othcr componenis, a wire consisting 
of a plastic sheath and a core containing a compacted 
powder mixture of components, ¢tc. 

In order for the wires to be satisfactory for spraying, 
the same must not cavitate at the tip when heated, and 
should preferably be capoble of forming pointed or 
slightly tapered tip when being melted and sprayed. 
Thus, if the wires have an outer layer or sheath of one 
component and an inner core of another component, the 
inner core cannot have a lower melting point than the 
outer sheath, as otherwise the inner cor will initially 
melt, causing cavitation at the tip. For cxomple, if the 
wire is composed of nickel and aluminum as the ¢x- 
othermically reacting components and is in the form of 
a cere with a coating sheath, the core must be nickel 
and the cocting sheath aluminum, as otherwise during 
the spraying the core will initially melt out, causing 
the cavitation which will interfere with a satisfactory 
spraying operation. The wire having the melting-point 
characteristics so a8 to allow the melting off of the tip 
without this cavitation, is referred to hercin and in the 
claims as “non-cavitating wire.” 

As the components, any two metallics which may 
be melted together to form an intermetallic compound 
in an exothermic reaction may be used. The compo- 
nents should release about 3000 calorics per gram 
atom, and preferably at least 7500 calories per gram 
a <m in the exothermic reaction forming the intermetal- 
lic compounds. The term “calories per gram atom™ as 
used herein denotes the number of gram calorics which 


the average atomic weight in the grams of the inter- 
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metallic compound formed will generate in so being go 


fermed. While the components arc preferably present 
in the stoichiometric proportions required for the forma- 
tion of the intermetallic compound, it is, however, pos- 
sible to also have an excess of one or the other provided 
the relative amounts are sufficient to release the quanti- 
ties of heat indicated above in the formation of the 
intermetallic compounds. 

An extremely large number of metal components are 
known which can be melted together in an exothermic 
reaction, forming an intermetallic compound with the 
gencration of heat. Any of these component pairs may 
be utilized in accordance with the invention, it only be- 
ing required that the same be capable of being initially 
formed into the composite suitable for spraying and that 
the intermetallic compounds formed therefrom iber- 
ate the required ameunt of heat in the intermetallic 
compounds-formation and arc sttitable ae components 
Of a sprayed costing, As a reacral tule, components 
which will form intermetallic compounds having a hiph- 
er melting point will Hbcrate sufficient heat to be weefert 
in accordance with the invention. In ccitain instances, 
however, components which will form intermetallic com- 
pounds which do not have as high a melting point, will 
gho liberate sullicient heat io the exothermic reaction 
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and thus be useful. Preferred componcts ‘arc aluminum 
with at least one of Co, Cr, Mo, W. Ta, Nb, Ti, or most 
preferably Ni; or silicon with at least one of Ti, Nb, 
Cr, W. Co, Mo, Ni or Ta. 

While iron itself is not a satisfactory camponcnt, the 
same may be present in addition to another componcnt, 
which in itself is satisfactory, such as in the form of an 
alloy therewith. This other component, hawcver, nitst 
be present in amount suflicient to form the intermetallic 
compound with the other componcnt of the composite, 
with the generation of sufficient heat to aid the spray- 
ing operation. Thus, for example, iron which just con- 
tains enough alloyed nickel to render the same rust- 
resistant, docs not contain enough nickel for an cficc- 
tive exothermic reaction with aluminum. Generally an 
alloy if nickel and iron must contzin at least acout 12% 
nickel for this purpose. 

FIG. 1 shows a composite powder consisting of a 
nucleus of aluminum and a coating layer of nickel. FIG. 
2 shows an agzregate of these comyorcnis; and FIGS. 
3, 4, and 5 show various forms of wire containing these 
components, FIG. 3 showing a wire having an aluminum 
core with a nickel sheath, FIG. 4 show ing a wire made 
of alternate strands of nickel and aluminum wire, as for 
example 18 strands of 25 gauge C019" diameter) nickel 
wire, and 19 strands of 25 gauge aluminum wire; and 
FIG. 5 shows a sheath of aluminum filled with granules 
of nickel and aluminum. 

Where one of the component metals is available as a 
metal hydride, * © ~ 2 may be used in this form rather 
than as a metal ,~: s<. When flanic sprayed the hydrogen 
gas evolved from the hy Jride produces a reducing atmos- 
phere, which in turn suppresses oxidation of the inter- 
metallic compounds during and immediately fter their 
formation. Thus, for example, in place of titanium, tifan- 
ium hydride may be used as one of the components. 

Also for the purpose of reducing oxidation a metal hy- 
dride, such as titanium hydride, may be added in a minor 
amount to the other components. Thus, for example, 
1-10%. by weight, and preferably 1-8°7 by weight, based 
on the total of the hydride and other compencnts, may 
be used. 

In addition, the powder granules and the wire may con- 
tain other conventional flame spray components, oF be 
sprayed in admixture or in conjunction therewith. Thus, 
for example, the coated powders may additionally con- 
tain other coating layers of other flame spray components 
or may contain a nucleus of another flame spray mate- 
rial with alternate coating layers of the componcnis which 
will exothermically react, farming the intermetallic. In a 
similar manner, the aggregates of the wircs may contain 
further flame spray componcnts, and in the case of pow: 
ders, the same may additionally be admixed with any 
other desired flame spray powder. 

The clad powders, in accordance with the invention, 
may be formed in any known or desired manner. and pref- 
erably by the known chemical plating processes, in 
which coating material is deposited on a sced or nucleus 
of another material, or in which multiple layers of various 
materials are built up on the seed material: or in which 
various materials are co-deposited in a single layer on 
the secd material. 

A mode of forming the clad powders involves the de- 
positing of a metal from a solution by reduction on a 
seed or nucleus, such as by the hydrogen reduction of 
ammoniacs! solutions of nickel and animes inm sulfate 
on a sced powder catalyzed by the mihtion of anthers 
quiinene. 1 is alse possible te form the costing by the use 
ef other known coating processes, such as coating by 


jo, A greens by the thermal decomposition of metal 
yis, by hydrogen reduction of metal halide vapors, 
by thermal deposition of halides, hydrides, carbonyls, 
organometals, or other volatile compounds, of by dis- 


76 placement gas plating and the like. 
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A preferred and greatly simplified mode of forming the 
clad powders in accordance with the invention is the de- 
pesiting of one component as a coating in the form of 
a paint on the other component. Thus, one of the com- 
poments which is to form the coating or cladding, may 
be dispersed in finely divided form in a binder or lacquer 
so at, in effect, to form a paint in which this component 
corresponds to the pigment, The paint is then used to 
coat core particles of the other component and the 
binder or lacquer allowed to set or dry. The binder mate- 
rial is preferably a resin which docs not depend on sol- 
vent evaporation in order to form a dricd or set film, and 
which film will decompose or break down in the heat 
of the spraying process, The binder, for example, may 
be a phenolic varnish of any other known or conventional 
varnish, preferably containing a resin as the varnish 
solids. The componcnt which is initially mixed with the 
binder or varnish should preferably be as fincly divided 
as possible, as for example —325 mesh. The other com- 
ponent which constitutes the core should be approximate- 
ly or only stightly below the particle size ultimately de- 
sired for the spray powder. The coating of the core 
componcnt with the “paint” may be effected in any known 
or desired manner, and it is simply necessary to mix the 
two materials together and allow the binder to dry or 
set, which will result in a fairly free-flowing powder con- 
sisting of the core component coated with a cladding of 
the other componcnt bound in the binder. 

The ageregaics may he formed by compacting or bri- 
quciting the various components into the individual gran- 
ules, or into larger ageregates and then breaking these 
agerecatcs into the granules. 

The wires may be formed in the known conventional 
manner for forming wires with various components as, 
for example, by shrinking a sheath on a core, by form- 
ing the core with powder, hy twisting the component 
wires, followed by rolling, drawing, swaging, or the like 
if desired. 

In accordance with one mode of manufacture, one of 
the components may be formed into a tube or sheath 
and filled with a powder of the other component or a 
powder comprising a mixture of the two components, or 
eontaining additional components. The tube ends are 
then sealed and the wire reduced to the desired wire 
diameter by swaging. rolling or drawing. Preferably the 
powder or powder mixture is first compressed into cylin- 
drical briqueties before being placed in the sheath or 
cere. The scaling of the tube ends after loading with 
the powder or powder mixture can be effected, for in- 
stance, by insertion of a plug, for example of the metal 
of the sheath, by welding, twisting. crimping, or the like. 

Powders in accordance with the invention should have 
the general over-all shape and size of conventional, flame- 
spray powders, and thus for cxample should have a size 
between —60 mesh and +3 microns and preferably — 140 
mesh and +10 microns (U.S. Standard screen mesh size). 
Most preferably the powder should be as uniform as pos- 
sible in grain size, with the individual grains not varying 
by more than 250 microns and preferably 75 microns. 

Depending on the particular flame spray process and the 
desired purpose, the composite powders may be sprayed 
per se or in combination with other different composite 
powders, or in combination with other conventional flame 
Spray pouders or powder componcnis. 

While the powders arc preferably sprayed, as such, in 
a powder-type of flame spray pen, it is also possible to 
combine the same in the form of a wire of rod, using a 
plastic or similar hinder, which decompures in the heating 
zene of the gun, or in certain cases the powders may be 
compacted and/or sintered topether in the form of a 
rod or wire. The wircs must have the conventional sizes 
and accuracy tolcrances for flame spray wires, and thus 

for example may vary in size beiween “4 and 20 gauge, 
* and ase preferably of the following sizes: He" 4.0005” to 


—.0025", 14" 4-.0008" to —.9025", 11 pauge 4-.0NNS" 
to —.0025", and 15 gauge 4-.001", with a smooth, clean 
finish free from surface marks, blemishes, or defects, The 
wires are sprayed in the conventional manner, using con- 
ventional wire-type flame spray puns. 

In combining. in the exothermic reaction, farming the 
intermetallic compound, the components renerate heat 
in situ in the actual material which is ta form at least a 
part of the coating. This is to be distinguished from Name- 
spray processes and materials in which heat is generated 
by a reaction, such as an oxidation reaction. in which a 
forcign and non-metallic clement is introduced and in 
which undesirable componcnts may be produced. Aside 
from greatly contributing to the thermal efficiency of the 
process, the heat generated in situ in the formation of 
the intermetallic compound produces novel results. in 
many instances forming a denser, more adhering coating, 
having characteristics of at least a partially fused coating. 
In many instances the coating has sclf-tonding charac- 
teristics, so that special surface preparation. other than 
a good cleaning. is not required. The spraying in all other 
respects is effected in the conventional, well-known man- 
ner, using conventional flame spray equipment, and the 
conventional surface preparation may te utilized, if de- 
sired. The composites in accordance with the invention 
may be sprayed in conjunction with. or in addition to, 
other fiame spray maitsrials conventionally used in the 
art, or may be sprayed in combination or conjunction 
with the others. 

The use of the composites as, for example, the nickel- 
aluminum composites, will generally improve the bond 
of the total sprayed material, and thus of the other com- 
ponent or components to the substrate. sometimes making 
the mixture «clf-bonding. The particle bond will te im- 
proved and the coating will be denser, so that its porosity 
may be decreaced. In general, as little as 10°7 by weight 
of the composites in accordance with the invention will be 
sufficient to substantially improve the bonding charac- 
teristics and decrease the porosity of other flame spray 
materials, such as conventional fame spray metals. alloys 
or ceramics. There is, of course, no upper limit on the 
amount, as the composite may be sprayed per sc. but gen- 
erally at least about 20% by weight of the other com- 
ponent is required if this component is to have a pro- 
nounced effect on the characteristics of the coating. 

The following cxamples are given by way of illustration 
and not limitation: 


Example 1 


(a) An aluminum powder having a particle size be- 
tween --140 mesh and +325 mesh (US. Standard sercen 
sizc) is coated with nickel in the known minner by the 
hydrocen reduction of an ammoniacal solution of nickel 
and ammonium sulphate, using anthraouinone o¢ the 
coating catalyst. The reduction is effected at a tempera- 
ture between about 300 and 350° F. in a mechorically 
agitated autoclave using sclutions containirs 20-80 oroms 
rer liter of nickel and 10-490 grams rer liter of 
(NH,),SO, and 20-29 grams fer liter of N11;. About 2 
fram per liter of anthraquinone is used as the cata at and 
the autoclove is pressurized with hydrocen at at pressure 
of about 390 ibs. psi After the nickel solution is de- 
pleted and the aluminum . > ated with an initial coating of 
nickel, the solution is discharged from the autoclave and 
replenished with a fres4 solution which need not centsin 
further amounts of the anthraquinone coating cataly 4. 
as the initisily forme. nickel costing in itwlf acts as a 
entalyst. The cycle is continnowsly repeated until a com. 
posite powder is formed containing about 16 ta I‘? 
by weight aluminum and 84 to 82° by weight of nickel, 
and a sine ef —100 to +270 mesh. 

The powder thus formed is flame-sprayed on a mild 
steel plaice which has been surface-cleaned with emery 
cloth. The spraying is effected at about 9 inches from the — 


plate, using a powder-type flame-spray gun as described 
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in US, Patent 2.961,345, issued Nov, 22, 1960, and sold 
by Metco Ine. of Westbury, Long Isand, under the trade 
name of “Phermespray” powder pun, ‘The spraying is 
eflected ata nate of 6 to 9 hs, of powder per hour, using 
acetiene pas as the fuel as a presure of 10 p.s.i. and a 
flow tate of 17 to 28 en. (thr, and oxygen as the oxktiz- 
ing pas ot a pressive of 12 psi. and a flow rate of 29 
to 38 co, 1. bee, 

The nickel coating and the aluminum base combine in 
the beat of the Mame with a strong exothermic action, 
forming a mixture of nickel aluminum intermetallic com- 
pounds which deposite on the base asa dense, high quality 
coating which eshibits self-bonding characteristics. A coat- 
ing: Lever of .002"-.004" thickness is built up in this man- 
ner. Vhe coating may be used as a base material for spray- 
ing: of further layers of different metals or the like, and 
scives as an excellent intermediate bonding layer. 

‘the coating layer may also be built up to a greater 
thickness as, for example, .010-.020", for use as an 
oxygen barricr undercoat, or to even greater thickness 
as. for example, .020"~.040" or thicker as a wear-resist- 
ant-oxidation-resistant eurface. 

Due to its self-bonding characteristics the sprayed coat- 
ing will adhere to a base without the conventional sur- 
face preparation or roughening, and duc to the natural 
characicristics of a sprayed matcrial, will allow further 
matcrials to be sprayed thereon with good bonding. The 
coating formed from the powder has excellent oxidation- 
resistant characteristics even at high temperatures and in 
oxidizing atmospheres, and will for example prevent the 
oxidation of base materials, such as molybdenum or the 
like. The sprayed coatings may be used as a lining in 
metal-melting crucibles or molicn metal-haralling equip- 
ment, and will not be wetted or penciraicd by many 
molten meials, including sclf-fuxing alloys. Coatings 
formed of the sprayed material also show good potential 
as high temperature, wear-resistant coatings. 

When the example is repeated on a molybdenum rod 
of 24s" diameter, with a coating between .010"-.012" 
thick, the coated rod r-».7 de repeatedly heated to approxi- 
mately 2000° F. in air, in an electric furnace and cooled 
fo room temperature with no visible oxidation occurring. 

Similar results may also be obtaincd if the composite 
powder contains 10-45% by weight of aluminum and 55- 
90% by weight of nickel. 

(b) Example 1(a) is repeated, using, however, cobalt 
in place of the nickel. Comparable results are obtained. 

(c) Example 1(a) is repeated, using titanium hydride 
(Til#;) powder in place of the aluminum and in an 
amount of 25-85 weight percent, and preferably 60-85 
weight percent of the total. The coating formed upon 
spraying is hard and dense, and when sprayed on a smooth, 
pressed and sintered Al,O, substrate, an excellent hond 
is formed. The spraying may be effected with an oxygen- 
bydrogen or oxygen-acetylenc flame. 


Example 2 


Example 1 is repeated with the spraying teing effected 
in turn on the following bases and prepared in the follow- 
ing manner: 

Low alloy stecls and stainicss stecls, smooth- ground 
to remove surface contamination; copper and copper base 
alloys, rough-ground or light-grit-blasted; aluminum and 
aluminum base alloys, rough-ground or light-grit-blasted; 
magncsium, rough-ground or light-grit-blasted; and titan- 
jum, roucgh-ground or light-grit-blasted. 

In each case when a further material, such as steel, 
aluminum or the like, was sprayed over the coating in 
the conventional and well known manner, the same was 
bonded with a tenacious bond, though if this material 
had been initially sprayed on the surface as prepared in 
the manner indicated above, a satisfactory bond would 
not be obtained. 
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Example 3 


The nickel-clad powder of Faample 1 is mixed with an 
ALO, powder having a particle size betwcen 62 microns 
and 10 microns, in the catia of about 40%% of the nickel. 
clad powder with 607 by weipht of the ceramic, ‘The 
powder is sprayed, wsinn the pun desctitval in Paamele t, 
on a mild steel plate which hay been surface-cleared by 
amooth prinding. Spraying is effected at a distances of 
about 9” from the plite at a rate of about 4 to 8 ths, of 
powder per hr., using acetylene at a pressure of 10 pbs. 
psi. and a flow rate of 17-25 cu. f1./he.. amd oxypen 
at a pressure of 12 p.s.i. and a flow rate of 29-35 cu. 
ft./hr. 

A sclf-bonding cermet coating is farmed which showed 
excellent thermal shock-resistance, hardness, abrasion-re- 
sistance, and which strongly inhibited oxidation of the 
hase. 

It is possible to vary the percentages of ihe ecramic 
in the mixture between $ and &S‘@ in order to sary 
the properties of the coating. With an increated amount 
of the intermetallic compound in the cermet coating 
formed, the bonding ard thermal shock-resistent proper- 
ties increased, whereas with an increased amount of the 
ceramic, the hardness and wear-resistant propertics of 
the coating are increased and the thermal conductivily 
decreased. 


Example 4 


Example 3 is repeated, using the following materials 
in place of the aluminum oxide: 

Zirconia, calcium zirconate, magnesium zirconate, 
spinel, ceric oxide, hafnium oxide, rare earth oxides, 
molybdenum disilicide, tungsten silicide, chromium sili- 
cide, titanium silicide, tungsten carbide, titanium carbide 
and chromium carbide. 

In each case an excellent coating was formed. 


Example $ 


A nucleus of silicon powder is coated with nickel to 
form a nickel<lad flame spray powder having a particle 
size between 100 and 328 mesh and contuining 7$-85%¢ 
nickel based on the silicon-nickel total. The composite 
powder is sprayed with the flame spray gun descrited in 
Example 1 on a steel base prepared by lightiy gril-blas.- 
ing, using the spraying conditions as described in Ex- 
ampte 1. During the spraying silicon combines with the 
nickel in an exothermic reaction, greatly enhancing the 
thermal efficiency of the spraying and producing an cx- 
cellent coating. 

Example 6 


Titanium is coated with nickel as described in Exc mpie 
1 fo produce a powder having a particle size between 160 
and 325 mesh und containing 10 to 50% nickel ba-cd on 
the titanium-nickel total, 

The nickel protects the titznium from oxidation during 
storage and when spraying. 

Upon spraying in the manner described in Exampie 
1, on a base material prepared by grit-blasting, the nickel 
and titanium combine exothermically in the fame to form 
a corrosion-resistant coating comprising a nickel-titanium 
intermetallic compound. 


Example 7 


Tellurium powder was coated with copper so as to 
form a composite having a particle size between 100 and 
325 mesh and containing $0 to 80%e copper based on the 
tellurium-copper total. 

Upon spraying in the manner described in Fxampte 1, 
on a base material prepared by grit-blasting. the coprer 
and tellurium combine to form a new material. 

During the spraying heat was evolved upon the combi- 
nation of the coprer und tellurium increasing the tic 
mal economy of the process. 
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Example & 


The nickel-clid Mame spray power of Example 1 is 
mired with about 20° by weight of low pressure poly- 
ethylene powder and molded at a temperature of abwut 
212° F. into the form of a rod of ba” dian. ter. The rod 
is sprayer, using a conventional wire-type flame spray 
gun sold by Meco Inc, of Westhury, N.Y., as the Metco 
type 4-E gun, ‘The spraying is effected with acetylene 
ata pressure of 1S p.s.i. and a flow rate of 37 cu. ft./hr. 
with oxyfen as oxitizing pas at a pressure of 38 psi. 
and a flow rate of 75 cu. ft./hr.; with air as a blast gas 
al a pressure of 40 (si. and a Mow rate of 25 cu. ft./mia. 
The end coating produced is similar to the coating pro- 
duced in Example 1. 


Example 9 ? 


A wire is formed by encasing a core of nickel in a tube 
of aluminum and drawing to a size of 125" in diameter 
plus or minus .002”. The wire contains 82 to 84° by 
weight of nickel based on the aluminum-nickel total. 

The wire is sprayed, using a conventional wire type 
flame spray fun sold by Metco Inc. of Westbury, N.Y., 
as the Metco type 4-E gun. Spraying is effected with 
acetylene at a pressure of 15 p.s.i. and a flow rate of 37 
cu. ft./hr. with oxygen as the oxidizing gas at a pressure 
of 38 p.s.i. and a flow rate of 75 cu. ft./hr. Air is used 
asa blast pas at a pressure of $5 p.s.i. and a flow rate 
of 30 cu. {t./min. The end coating produced is similar 
to the coating produced in Example 1. 

Similar results are also obtained using 55-90% by 
weight of nickel in the wire, 


Example 10 


A composite wire is formed by winding individual 
wires of nickel and aluminum to form o stranded wire 
with a diameter of .125" plus or minus 002’. The wire 
contains S$ to 90% by weight of nickel based on the 
total AI-Ni. The wire is sprayed in the manner described 


in Example 9, with identical conditions and coating re- 
sulting. 


Example 11 


A silicon powder having a particle size between 140 
and 325 mesh is coated with molybdenum in the known 
manner and a composite powder is formed containing 
about 35 to 39% by weight of silicon and about 61 to 
65% by weight of molybdcnum, and a size of 100 to 
270 mesh. 

The powder thus formed is flame-sprayed on ao base 
material which has been prepared by light grit-blasting 
in the manner described in Example 1. 

The molybdenum coating and the silicon base combine 
in the heat of the flame, forming a molybdenum silicon 
intermetallic which deposits on the base as a dense, hich 
quality coating which cxhibits excellent resistance to 
oxidation at clevated temperatures and will protect the 
base matcrial fiom oxidation. 


Example 12 


A molybdenum powder having a paiticle size ranpe he- 
tween 140 and 328 mesh is coated with silicon in the 
known manner and « composite powder is formed con- 
taining about 38 to 19% by weicht of silicon and about 
61 to 684% hy weight of molybdenum, and a size of 100 
to 270 me-h. 

The powder thus formed is Mame-sprayed on a base 
. Material which has been prepared by light grit-blasting, 
The spraying, is effected at about five inches from the 
plate, wing a pewder type plasma flame-spray nun sold 
by Metco Inc. of Westbury, N.Y. under the trade name 
of type 2M Plasma Flame gun. The spraying is ef- 
fected at a rite of six to nine is. of powder per hour, 
using a mixture of argon and hydrogen gas as the plasma 
gas, with arron at a pressure of 100 p.s.i. and a flow rate 
of 110 cu. ft./hr., and hydrogen at $0 p.s.i. and a flow 
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rate of 25 cu, {t./he., wsing argon as the powcr carrier 
gas at 100 psi. and a flow rate of 1S cu. ft./hr., wing 
a standard clectrede and “D" Argon nozzic, and using are 
current of 4006-500 amperes at $7-62 volts. 

The molybdenum hase and silicon coating combine 
in the heat of the Name, forming a molyhicnum silicon 
intermetallic which deposits on the base as a dznse, high 
quality coating which exhibits excellent resistance. to 
oxidation at high temperatures and will protect the base 
m:terial from oxidation, 


Example 13 


A silicon powder having a particle size between 140 
and 325 mesh is coated with chromium in the known 
manner, and a composite powder is formed containing 
about 48 to 85% chromium and 15 to $2%¢ silicon by 
weirht and a size of 100 to 270 mesh. 

The powder thus formed is flame-sprayed on a base 
matcrial which has been prepared by light grit-blasting 
in the manner described in Example 1. 

The chromium coating and the silicon base combine 
in the heat of the flame, forming a chromium-silicon inter- 
metallic which deposits on the base as a dense, hich 
quality coating which evhibits excellent resistance to 
oxidation at elevated temperatures and will protect the 
base material from oxidation. 


Example 14 


A chromium powder having a particle size Fetucen 140 
and 325 mesh is coated with silicon in the known manner, 
and a composite powder is formed containing about 48 
to 83% chromium and 15 to $2%6 silicon by weight and 
a size of 100 10 270 mesh. 

The powder thus formed is fame-sprayed en a base 
material which has been prepared by light grit-+'asting, 
The spraying is effected at about five inches irom the 
plate, using a powder type plasma fame-spray gun «old 
by Metco Inc. of Westbury, Long Istand, New York, 
under the trade name of type 2MB Plasma Flame gun. 
The spraying is effected at a rate of six to nine Ibs, of 
powder per hour, using argon gas as the plasma cas at 
a pressure of 100 p.s.i, and a flow rate of 110 cu. ft./hr., 
using argon as the powder carrier pas at 190 p.s.1. and a 
flow rate of 18 cu. ft./hr., using a standard electrode and 
“D" Argon nozzle, and using are current of 400-500 
amperes at $7~-62 volis. 

The chromium base and silicon coating combine in 
the heat of the flame, forming a chromium silicon inter- 
metallic which deposits on the Fase asa dence, hich quality 
coating which exhibits excelent resistance to oxidation at 
high temp. atures and will protect the base material 
from oxidation, 

Example 1$ 


A zirconium powder havine a particle cize between 140 
and 325 mesh is coated with chromium in the known 
manncr and a composite powder is forrsed containing 
about 48° zirconium and 60%. chromium by weight and 
asizc of 100 to 270 mesh. 

The powder thus formed is flame-sprayed on a base 
material in the manner described in Example 1. 

The chromium coating und the zirconium base com 
bine in the heat of the fame, forming a chromium zircori- 
um intermetallic which deposits on the base as a dense, 
hich quality coating which exhibits excellent resistance to 
Oxidation at high temperatures, 


Laample 16 

A titanium powder having a particle size range between 
140 and 325 mesh is coated with silicon in ths known 
manner and a composite powder is formed containing 
wbout 35 to 65% titanium and 35 to 65% silicon by 
weight and a size of 100 10 270 mesh. 

The powd thus formed is flame-sprayed on o base 
matetial whi.w has been prepared by light Brtit-blusting. 
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‘the aprasine is elected At about five in hes from the late, 
wing a powder spe plema flamespiy poe sell by 
Meice Inc. ef Weethnis, NUY,, wedder the tride name of 
type IME Phisne Tlime pun, the spring is eflected 
at a pate of sis te ning Ths of pow itor per hour, wsieg arpon 
pas as the pla pao ata piesate ef 100 poi, and a 
flew pate of 110 co. fv he. wieg atpon as the powder 
caiticn pas at 100 psi, and a flow rate of 18 cn. (./he., 
wing a anded clectrede and “D" Arron nevzile, and 
wing are current of 400.500 amperes at 87-62 volts, 

‘the tiuniom bee and silicon coating combing cao 
thermically in the heat of ( ¢ flume, forming a titanium 
silicon intyrmntallie which deposits on the base asa dense, 
hich quality coating which exhibits excellent resistance to 
Oridation at hich temperatures and will protect the base 
material from oxidation, ’ 


Example 17 


“A dysprosium powder having a particle size between 
140 and 325 sresh is coated with aluminum in the known 
manner ond a composite powder is formed containing 60 
to 75% dysprosium and 25 to 40% aluminum by weight 
and a size of 16010270 mesh. 

The powder thus formed is Mame-sprayed on a bate 
material which has been prepared by light grit-blasting 
in the manner described in Example 1. 

The aluminum coating and the dysprosium base com- 
bine in the heat of the fame with a strong exothermic 
action, forming a dysprosium aluminum intermetallic 
compound which deposits on the base as a dense, high 
quality coating which exhibits excellent propertics at high 
temperatures. 


Example 18 


A lanthanum powder having a particle size between 
140 and 325 mech is coated with aluminum in the known 
manner and a conposite powder is formed containing 
70 to 75% lanthanum and 25 to 30% aluminum by 
weight and a size of 100 10 270 mesh. . 

The powder thus formed is flame-trrayed on a base 
material which has be" prepared by grit-blasting in the 
manner described in Example 1, 

The aluminum coating and the lanthanum base com- 
bine caothermically in the heat of the lame with a strong 
exothermic action, forming » lanthanum aluminum inter- 
metallic compound which deposits on the base as a dense, 
high quality co diag which exhibits excellent properties at 
high temperatures, 

Example 19 


A chromium powder having a particle size tetween 
140 and 328 mesh is coated with aluminum in the known 
manner and a composite powder is formed consisting of 
60 to 625 chromium and 38 to 40% aluminum by weight 
and a size of 100 to 270 mesh, 

The powder thu formed is flame-sprayed on a base 
matetial which has been prepared by grit-blasting in the 
manner desctibed in Example 1. 

The aluminum coating and the chromium base com- 
bine in the heat of the flame with a strong exoiherimic 
action, forming a chromium aluminum intermetallic com. 
pound which deposits on the base as a dense, high quality 
coating of very high melting point and eacclicnt oxida- 
tion-resistance, ' 

Example 20 
Example 19. is tere rted except that the composite 


powder is formed with an aluminum core and chromium 
coating. Identical resulis are obtained, 


Example 21 


The nickel-clad aluminum composite powder of Ex- 
ample | is miacd with cobalt bonded tungsten carbide 
particle powder having a particle sive range of —140 
mesh -| 10 microns, and preferably —140 4-325 mesh 
in proportions of: 
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(a) BO weicht percent tunpstes carbide to 20 weiett 
petcent of the comperite, 

(h) 20 weight percent of the carbide to 8O weirht 
percent of the cemprsite. and 

6 (ce) preferably £0 weirit percent cach of the tunpsten 
cathide and composine, 

The powder mixtures are cach Mame-saroyed on a mild 
steel plate which has been surfacscleoned by printine 
or sery light sand-blast cleaning. The spraying is efocted 

o ft about K~9 inches from the plate, wind a poadetiyre 
flame-spray aim as described in ULS. Patent 2961448, 
issued Nov, 22, 1960, and sold by Meter Ine. of Westbury, 
N.Y., under the trate name of “Thermoa-Spray” povader 
gun, The spraying is effected at a rate of 6 to 10 Ths, 

16 rer hour using acetylene pas as the fucl at a pressure of 
12 psi. and a flow rate of 20 to 30 cu, ft. ‘hr. and oxygen 
as the oxidizing pas at a prewure of 14 p.s.i. and a flow 
rate of 30 to 40 cu. ft./hr. 

The nickel-aluminum composite powder in the mixture 

20 reacts exothermicaliy in the flame to provide the «elf. 
bonding propertics of the mixture and, being fully molien 
on impact with the subsirate, becomes the matrit which 
securely binds the tungsten carbide particles together in 
the coating. 

25 Used as sprayed. or finished by proper grinding rro- 
cedure, the resultant coating is of a highly wear-resistant 
coating material, applicable to virtually any base material 
and not subject to the limitations of the prev’ «ly used 
self-fluxing alloy matrix materials which mui fused 

30 at approximately 1900° P. 


Example 22 


Example 21 is repeated excert that in place of the 

grade of tungsien carbide cobalt powder grains used, 

35 cobalt-bonded tungsten carbide grains with lower ecbalt 
contert and sharp, angular shape are used. 

The powder was sprayed in the manner descrited in 
Example 21. The sharp. angular edges of the initial tung. 
sten carbide particles were retained in the coating. 

40 The deposited coating may be suitably finished by ¢rind- 
ing for use as a wear-resisiant coating or used as de- 
posited where the ccated article is to he ured as a hone 
or lap, the sharp edges of the carbide inclusions constitut- 
ing the abrading or cutting edses, 


45 Example 23 


Example 22 is repeated except that in place of the 
tungsten carbide grains described, cobalt-bonded tunesten 
+carbide particles of sharp. angular shape were used which 
were first coated with nickel in the manner described 
50 in Example 1, so as to produce nichel-clad parsic'es 
having a size between 109 and 328 mesh and containing 
— 20-50% nickel based on the tungsien carbide-nich.cl 
total. 


68 Example 24 


The nickel-clad aluminum composite described in Fx- 
ample 1 is mixed with a columbium (niobiuny) powder of 
size between —120 mech and +10 microns and preferably 
~— 140 +325 mesh in the proportions of 60 weight percent 

go Of the nickel-aluminum composite. ° 

The powder mixture is sprayed in the manner de«cribed 
in Example 21, The resultant costing iy self-bondins to 
a wide variety of substrate materialy and when properly 
finished, by grinding or other means, is a highly wear- 

gs resistant, hard coating. 


Example 25 


The nickel-clad aluminum composite described in 

Example 1 is mixed with a molybdenum powder of a 

70 size between — 120 mesh and +10 microns and preferably 

140 +325 mesh in the proportions of 65 weight per- 

te... molybdenum to 35 weight percent of the nichel- 
aluminum composite. 

The powder mixture is sprayed in the manner described 

76 in Exainple 21. The resultant coating is seif-bonding to 
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a wile wariety of substrate materials and when properly 
finished, by grimuing er other means, presents a highly 
wear-resistant, hard surface. 


Example 26 


Faample 21 is repevted except in place of the tungsten 
cathide, other carbides such as titanium carbide, tantalum 
cubide, cohumbiom carbide, chromium carbide aud mix- 
tures of the various carbides are used 


Example 27 


The nivkel-clad aluminum core compenite from Ex. 
ample 21 is mised with aluminum powder in the mesh 
sive fange — 100 4 325 mesh, and preferably in the —170 
$325 mesh size cance in the proportions of 80 weight 
percent nickel aluminum composite to 20 weight percent 
aluminum, 

The mixture was sprayed in the manner described in 
Example 21. The coating as deposited consists of an 
intimate mixture of the flame-reacted nickel aluminide 
and aluminum securcly bonded to the base and particle to 
particle within the coating. 

Upon heat-treating in the temperature ranre 1250° 
F. to 1500° F. in reducing atmosphere, dry hydroren 
for instance, the nickel aluminide and aluminum combine 
to form a dense, homogenous coating fused to the base 
material which can be used for “evthoJic” protection of 
iron and stecl subject to water and salt-water corrosion, 

Example 28 

The nickel-clad aluminum composite nowder of Ex- 
ample 21 is mixed with Monel powder &! a size between 
100 mesh and +10 microns, and preferably between 
140 and +325 mesh in the proportions 35 weight per- 
cent composite to 65 weight percent Monel. 

The powder mixture was sprayed in the manner de- 
scribed in Example 21. The resultant coating is self- 
bonding to a wide vaticty of sudstrate materials and the 
inclusion of the nickel-aluminum composite, the com- 
ponents of which combine exothermically in the flame to 
provite the seli-bonding ability of the miature, consider. 
ably increase the particle to particle bonds within the coat- 
ing and decrease the permeability of the coating. 


Example 29 


Example 28 is repeated except that nickel and stainless 
steel powders are substituted for the Moncl. 


Example 30 


Example 28 is repcated except that chromium is sub- 
Stituted for the Monel. 

The resultant coating when properly finished, by prind- 
ing or other means, shows high resistance to abrasion, 
wear, and galling by other metals, and is an excellent bear- 
ing surface, 


Example 31 


Finely divided aluminum powder (—325 mesh) was 
Mended with a phenolic varnish having approximately 
50% solid contents so as to form a mixture having the 
consistency of a heavy syrup and containing 605% by 
weicht of the metallic aluminum. 

106 grama of this varnish aluminum powder mixture 
was added to 240 grams of nickel powder having a sive 
between —200 and +325 mesh, and the two were thor- 
ouchly mixed, with the mixing continued until the var- 
nish dricd, leaving: a fairly free-flowing powder in which 
all of the nickel core particles were clad with a dry film, 
which consisted of aluminum particles bonded to cach 
other and to the core material by the phenolic binder. 
The powder is then warmed to 250° F. to insure complete 
drying. There were some miner agglomerates which were 
sercened out and handmilled to reduce the same to a 
100 mesh powder. The end powder consisicd of ap- 
proximately 15 weight percent aluminum and 85 weight 
percent nickel due io the loss of some aluminum during 
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the milling. The powder is sprayed in the manner ce- 
scribed in Example 1 producing a similar coating having, 
however, more than twice the tensile strength of the cvat- 
ing produced in Example 1. 


Example 32 


(a) A mixture of 6 weirht percent aluminum and 94 
weight percent nickel powder are thoreuchty blended and 
prewed torcther in the form of cylindncal briquettes 
which are loaded into an aluminum tube of 478" out. 
sido diameter, after which the tuke col, are webtod 
closed. ‘The ts diameter feed stock is then swared to 
14° diameter, then to a *)4" digmeter then to a ta” fine 
ished wire viameter. The wire is then annealed and coikd, 
The wire is then sprayed, using the conventional sire tyre 
flame spray gun sold by Metco Inc. as the Metco Kyre 
&-F. gun. Spraying is effected, using acetylene ata pres 
sure of about 15 Ibs. p.s.i. and a Mow rate of 37 cu. ft./he. 
and oxygen as the oxidizing gas at a pressure of 38 Ibs. 
p.s.i, and flow rate of 75 cu. ft./hr. Air is used os a Mat 
gas at a pressure of 55 Ibs. psi. and flow rate of 30 
cu.ft./min, The wire is sprayed at a rate of 5 ft. per 
minute, The spray material is deposiied on a surface of 
ground and machine-finished, cold rolicd steel with a 
tensile bond strencth of 3820 Ibs. p.s.i. Th: ¢pra,ed coat- 
ing is hard and dense; it is wear- and ox.dation-recisiant 
and it also could serve as a base for further «praying. 

(b) Example 32(a) is repeated except that chromium 
is used in place of the nickel powdsr in amyunts of 
from 24-95 weight percent, based on the total of the 
aluminum and chromium. Spraying resulis in a hich quval- 
ity coating which has self-bonding properties and is te- 
sistant to oxidation at hich temperatures. 

(c) Example 32(a) is repeated, using columbium pow 
der in place of the nickel powder in amounts of trom <%~ 
90 and preferably 50-55 weight percent, bated oo the 
total of the columbium ard aluminum, The sprated ecat- 
ing for acd is a high quality coating which is re-isiort to 
oxidation at hich temperatures and may be tecd to pro- 
tect tantalum and molybdenum bases fron ov tation, 

(d) Example 32(a) is repeated, using tantalim pow dir 
in place of the niche) powder in amounts of 40-99 aciciu 
percent and preferably 68-78 weight percent of tantalum, 
based on the total of tantalum and alum‘num. The sprased 
coating is a dense, high quality coating which is seif- 
bonding and is resistant to oxidation at hich temperatures. 

(¢) Example 32(a) is repeated, using beron powder in 
place of the nickel powder in amounts of 40-90 weicht 
percent. bared on the total of beron and aluminum. The 
resulting sprayed coating is self-bonding and is resistant 
to oxidation at high temperatures. 

(f) Example 32(c) is repeated except that the powder 
additionally contains 0.5 to § weight percent of boron, 
and/or 0.5 to $ weight rercent of silicon, bated on the 
total of the components. The coating formed is similar 
to that obtained in Example 32(c) except that on heatire 
fo high temperature in air, a very thin, dense, adherent, 
protective oxide film forms on the surface of the inter- 
metallic compound formed, which is res‘stunt to scaling 
due to thermal shock, and which is believed eclf-healir gz. 

(g) Example 32(a) is repeated except that Lunesten car- 
bide containing 124¢ binder and having a particle s.ze 
below —140 mesh is addled in amount of §-70 weielt 
percent, bused on the total of the components, The result- 
ing coating is a dense, catiemely wear-resistant coating, 
which has self-bonding properties. This example may be 
further repeated, using in place of the tungsten carbide 
specified, crystalline tungsien carbide, slhieninum oxide, 
diamonds or any other abrasive material, 

(h) Example 32(a) is repeated. However, 1-105 by 
weight and preferably 1-5¢o by weight of titunium hydride 
of a size below —100 mesh and picferably below —325 
mesh, based on the toial of the components, is addid to 
the core material. The results are the same as indicated 
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in Vaampte 3200) except that the coating formed is of 
dMproved phrsical streneth, containing considerably: less 
evide inchasiens. In pice of the titmninm hy tride other 
tistal vdiites oa be mse. 

CGH Usvcmple C0) is repeated except that the nickel 
powder is replaced with a nichrame powder consisting of 
a chrome alloy containine 80% nickel and 2064 chro- 
mit, Wher spied the wite pives a dense, self-bond- 
ins coating which is csttemely oxidation-resistant, 

Qj) Usmple 32a) is repeated except that the nickel 
powder is repliced with a powder mixture consisting of 
ROe by weinht nickel and 20°. hy weight chrome. When 
sprayed the wire pives a dense, self-bonding coating 
which is highly oxidation-resistant. 

Example 33 . 

Table I below gives examples of further component 
pairs which may be used to form the powders and/or 
Wires in accordance with the invention. 

Fach of the component pairs as listed in Table I 
below may be formed into a composite powder or wire 
as described ahove, and when flamie-spraycd will cxo- 
thermically react, forming an Gntermctallic compound 
and high grade cowtine. Thus, the component pairs may 
be foriied into clad powders as described in Example 
31 and sprayed as described therein, or formed into a 
composite wire as described in Example 32 and sprayed 
as described ticrcin. 


TABLE I 
Acts As Cd Ve Vv Garr My Sh FIV 
Al As Aa Ga Vie Zr Gash Mesn i Zr 
Al Au Asdn WiCa tin Te Na Pb En Te 
AL As Mg Hi Co fiat Nasb &aU 
Ala As Zin Wik tie M Nas §n Zr 
ALC a nY Wi Li . Ge Nb VTeZn 
ALCe RCa Bi Me . tie Zr Mo Ke 
Al Co ner WiNa li dn Nh Be 
AlCr Woe Nise ln ‘Te Ta Ve 
Alla WNb Hi Te In Ru V ite 
Alla NTA WeTh kK Sh Ti Ne 
Al Mo Th Cath K ke Crst 
AIND HT) Ca sn K&n crTi 
AINE ny Cat kK TI CrZe 
Alir nw Cd i Ta th Mp Te 
Ai Tt Ware CaANa Lash Ni Te 
Al7r Desy 44 Celn La Sn ai Th 
Alsh Hott Ce Mz La Tl nw 
Al se Rash Ce bh La Zn Co §} 
Al Ta He Co Ce Si Li Pp Mo $i 
Al Ts lhe Cr Ce sn 1a Sh Ni Si 
Alu Be Ni Ce Ti Lisn bi Tao 
AIV He Np Coun Lt Tl 
AIW Be Pu Ga Na Li Zu 


While the invention has been described in detail with 
reference to certain specific embodiments, various changes 
and modifications which fall within the spirit of the in- 
vention and scope of the appended claims will become 
apparent to the skilled artisan. The invention therefore 
is enly intended to be limited by the appended claims or 
their cquivalents, whercin we have endeavored to claim 
all inherent novelty. 

We claim: 

1. A flame spray material comprising a composite in 
a form suitable for flame spraying, formed of at least 
two metal components which exothermically react with 
cach"olher when melted, forming an intermetallic com- 
pound and characterized by the ability of pencrating 
heat during Mame spraying which aids in bonding to the 
surface being sprayed. 

2. A Name spray material comprising a composite in 
a form suitable for Mame spraying formed of at least 
two metal components which exothermically react with 
each other when melicd, forming an intermetallic com- 
pound with the release of at least 3,000 pram calorics 
per gram atony and characterized by the atility of gen- 
erating heat during flame spraying which aids in bonding 
to the surface being sprayed. 

3. A flame spray material comprising a composite in 
@ form suitable for flame spraying formed of at least 
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two metal comporcnts which exothermically react with 
cach other when asclted, forming an intermetathe com. 
int with the tefoase of at feast 7.800 cram catorics 
roan: atom and characterized by the ability of ron. 
«ting heat during flume spraying which aids in bonding 
fu the surface bein sprayed, 

4. A fame spray material comprisine a composite in 
a form suiteble for Mame spraying formed™ al ahimi- 
fum and nicked and characterized by the ability of pen- 
erating heat diving Name spraying which aid. in bonding 
to the surface being sprayed. 

§. Composite according to claim 4 in which said alumi- 
num is present in amount of abou, 10-4577, based on 
the total of nickel and aluminum. 

6. Composite according to claim 1 in which said ¢-m- 
ponents are component pairs sciccted from the group © - 
¢d in Table I above. 

7. A flame spray powder in the form of individual 
clad particles comprising a metal nucleus and at least 
One coating layer of a metal differing from ssid nucleus 
and exothermically reactive therewith when mclted to- 
gether, forming an intermetallic comecund and chacac- 
terized by the ability of gencrating beat during fame 
spraying which aids in bonding to the surface teing 
sprayed. 

8. A flame spray powder in the form of individual 
clad particles comprising a metal nucteus and at fonst 
one coating layer of a metal differing from said mucieus 
and exothermically reactive therewith when metied to- 
gether, formieg an intermetallic compound, sith the re- 
Jease of at least 3,000 gram calories per gram atom ard 
characterized by the ability of sencrating heat during 
flame spraying which aids i> be: ding to the surface being 
sprayed. 

9. A flame spray powder in the form of individua! 
clad particles comprising a metal nucleus and at Jeast 
one coating layer of a meial differine from <aid nucteus 
and exothermically reactive therewith when melted to- 
gether, forming an interme:allic compeund, with the re- 
lease of at least 7.500 gram calories per cram atom and 
characterized by the ability of gencrating heat during 
flame spraying which aids in bonding to the surface Feing 
sprayed. 

10. A flame spray powder accordinz to claim 7 in 
which said metal nucleus and metal differing from said 
nucleus are component pairs selected from the group 
listed in Table I above. 

11. A flame spray powder accerdinz to claim 7 in 
which said coating layer is in the form of a finely divided 
metal powder bound to the nucleus by a binder. 

$2. A flame spray powder in the form of individual 
clad particles comprising a nucleus of aluminum and 
@ coaling layer of nickel and characterized by the ability 
of gencriting heat during fame spraying which aids in 
bonding to the surface being sprayed. 

13. Poader according to claim 12 in which said alumi- 
num is present in amounts of about 10-38% based on the 
total of nickel and aluminum. 

14. A flame spray powder in the farm of individual 
clad particles comprising a nucleus of nickel and a coat: 
ing layer of finely divided aluminum partic!es bound to 
the nucleus with a binder and characterized by the abitity 
of generating heat during flame spraying which aids in 
bonding to the surface being sprayed. 

15. A non-cavitating Name spray wire comprising 140 
Separate metal components differing from cach other and 
capable of exothermically reacting with cach other when 
melted together, forming an intermetallic compound and 
characterized by the ability of generating heat during 
flame spraying which aids in bonding to the surface being 
sprayed. 

16. A non-cavitating fame spray wire comprising two 
separate metal components differing {rom each other urd 
capable of cxothermically reactiing with each other when 
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17 
melicd foscther, forming an intermetallic compound, 
with the release of at least 7.800 gram calories per pram 
ateny and characterived by the ability of generating heat 
diving Jame spraying which aids tn bonding to the .ur- 
face being spraved. 

17. A nov-cavitating flame spray wire compriing two 
separate metal components differing from cach other and 
capable of exvothermically reacting with each other when 
melied torether, one of said components being aluminum 
and the other nickel and characterized by the ability of 
renvrating feat dining flame spraying w hich aids in bond- 
ing to the surface being sprayed. 

18. A flame spray wire comprising two separate metal 
components differing from cach other and capable of 
exothermically reacting with each other when melted to- 
gether, farming an intermetallic compound, with the re- 
lease af 7.800 gram calories per pram atem, said com- 
ponents Peing component pairs selected from the proup 
listed in Table | above and characterized by the ability 
of gencratine heat during flame spraying which aids in 
bonding to the surface being sprayed. 

19. A flame spray wire comprising a sheath of a first 
metal camponent and a powder core of at Icast one sec- 
ond metal component, said first and second components 
being capable of exothermically reacting with cach other 
when melted together, with the release of at Icast 7,500 
gram calories per gram atom and characterized by the 
ability of generating heat during flame spraying which 
aids in bonding to the surface being sprayed. 

20. A flame spray wire according to claim 19 in which 
said sheath is aluminum and said core a mixture of 
aluminum and nickel powder. 

21. A flame spray wire comprising individual strands 
of two separate metal components differing from cach 
other and capable of exothermically reacting with each 
other when melted together, forming an intermetallic 
compound, with the release of at least 7,500 gram calories 
per gram atom and characterized by the ability of gen- 
crating heat during flame spraying which aids in bond. 
ing to the surface being sprayed. 

22. Flame spray material according to claim 1 addi- 
tionally containing a metal hydride. 
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23. Flame spray material according ta clin tin which 
one of the said components is at Teast partiatly in the 
form of a hydride, 

24. Plame spray material according ta clin b addi. 
tionally containing a member selected fron the group 
consisting of boron, silicon and mixtures thereof, 

28. A flame spray mvtterial comprisins a composite 
in a form suitable for flame sprayeng formal af at least 
two metal components which exothermically react with 
cach other when melied, said components eine cone 
ponent pairs selected from the group consisting of Al Co, 
Al Cr, Al Mo, Al W, Al Ta, AI Nb, Al Ti. Al Ni, Si Nb, 
Si Cr, Si W, Si Co, Si Mo, Si Ni, and Si Ta and char 
acterized by the ability of generating heat during flame 
spraying which aids in bonding to the surface being 
sprayed. 

26. A flame spray material according to claim 25 in 
the form of a powder. 

27. A flame spray material accordinz to claim 25 in 
which one of the components is in the form of a coating 
on the other component. 

28. A flame spray material according to claim 25 in 
the form of a wire. 
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3,436,248 
FLAME SPRAVING EXOTHERSICALLY REACT- 
ING INTERMETALLIC COMPOUND TORMING 
COMPOSTLES 
Ferdinand J. Dithich, Rellwore, and Arthur P. Shepard, 
Flushing, N.Y., assignors fo Metco, Inc., a corporation 
of New Jersey 
Application Mar, 25, 1965, Ser. No, 442.727, now Patent 
Na, 3,322,815, dated June 30, 1967, which is 9 continua- 
fion-in-part of application Ser. No, 343,708, Feb. 10. 
1964. Disided and this application May 26, 1966, Ser. 


Neo. $92,238 ° 
Int. Cl. C23c 7/00, 13/02 


U.S. Cl. 117—105 27 Claims 


ABSTRACT OF THE DISCLOSURE 


Method of coating a surface by flame spraying two or 
more components which will react with one another dur- 
ing the flame spraying to form an intermetallic compound. 

This is a division of application Ser. No. 442,727, filed 
Mar. 25, 1965, now Patent No. 3,322,515, which was a 
continuation-in-part of applications, Ser. No. 72,543, filed 
Nov. 22, 1960, now abandoned; Ser. No. 134,544, filed 
Aug. 16, 1961, now Patent No. 3,254,970; Ser. No. 237,- 
786, filed Oct. 26, 1962, now abandoned; and Ser. No. 
343,703, filed Feb. 10, 1964, now abandoned. 


invention relates to the flame spraying of exo- 
ermically reacting intermetallic compound forming 
composites. The invention more particularly relates to the 
flame spraying of flame spray materials in the form of 
composites containing two or more components which 
will exothermically react with cach other during the 
spraying. forming one or more intermetallic compounds, 
and to a novel group of such composiics including pow- 
ders and wires. 

Flame spraying involves the feeding of a heat fusible 
maicrial into a heating zone, whercin the same is melted 
or at least heat-softened, and then propclicd from the 
heating zone in a finely dividcd form, generally onto a 
surface to be coated. 

The matcrial being sprayed is generally fed into the 
heating zone in the form of cither a powder or a wire 
(the latier term designating both rods and wires). The 
spraying is eficcted in a device known as a heat-fusible 
material spray gur or a flame spray gun. 

In the wire type Jame spray gun the rod or wire of the 
miatcrial to be sprayed is fed into the heating zone formed 
by a flame of some type, | ‘vere it is melted or at least 
heat-softened and atomized, usually by blast gas, and 
thence propclicd in finely divided form onto the surface 
ta be coated. The rod or wite may he a conventionally 


formed rod or wire of a metal, or may be formed by sin- | 


tering together finely divided material, or by bonding to- 
pether fincly divided material by means of a pliostic binder 
of other suitable binder which disintegrates in the heat of 
the heating zone, therchy rcicasing the material to be 
sprayed in finely divisied form. 

For spraying fincly divided, i.c., powdered material, a 
powder type Mame spray pin is used in which the pow- 
det, waolly entrained in a cartier pas, is fed inte the 
heating gone of the pun formed by » flame of some type. 
‘the powder iy cither melted of at least the surface of 
the grains beui-soficned in this zone, and the thus ther- 
mally conditioned particles propciied onto a surface to 
provide a coaiing. in the powder type spray gun as no 
“atomizing” cnerpy is required, a separate blast gas is 
often dispensed with, though th: same may be supplied in 
@rder to aid in accelerating te particles and propelling 
them toward the surface to b: coated. 
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The biast gas may be provided for both the wire type 
and powder type guns to perform the additional function: 
of cooling the workpicce and the coating being formed 
thereon. 

The heat for the heating zone is most commonly rro- 
duced from a flame caused by the combustion of a fuel, 
such as acctylene, propane. natural gas. or the like, using 
oxyren or air as the oxidizing agent. The heat may, how- 
ever, also be produced by an electrical arc flame or. in the 
newer type of guns. by a piasma flame. The plesina fume 
may in itself constitme part of an electric arc, or, in 
accordance with a newer development. may be in the form © 
of a “free plasma strcam,” ie. a stream of plasma which 
may be considered independent of the arc as it docs not 
contribute to the electric flow between clectrodes. 

Heat-fusible material spray guns utilizing eleciric re- 
sistance heating or induction heating as the heat source 
have also been proposcd bul have not proven commcer- 
cially successful except in connection with the spra;ing of 
low melting point metals, such as solders. lead and zinc. 

Flame spraying in the initial stages of its commercial 
development was used mostly for the spraying of various 
metals and was often referred to as metallizing. Hoscver, 
the art of flame spraying extends to the sprayinz of a 
much wider group of materials, including higher melting 
point or refractory metals, ceramics, cermets, and the 
like. and such matcrials are of increasing commercial in- 
terest. 

In the case of spraying heat-fusible materials in the 
initial form of a rod or wire, the rod or wire is gencrally 
of a single composition, ie.. in the form of a specific 
metal, alloy, ceramic, or the like. While it is true that rods 
or wires formed from fincly divided material bourd to- 
ecther with a binder of plastic or the like, as mentioned 
aLove, were known, the binder generally did not take part 
in the spraying or contribute to the coating. and merely 
served the purpose of maintaining the rod or wire in shape 
until fed into the heating zone. 

In the case of flame spray powders, while powders 
formed of several constituents were known, the same were 
generally in the form of a powder mixture of the indi- 
vidual constituents or, at best, a particle accregate. 

One object of this invention is the spraying of the heat- 
fusible material in a novel form which allows the obtain- 
ing of superior results. 

A further object of this invention is a novel group of 
flame spray materials. 

These and s:ill further objects will become apparent 
from the following description read in conjunction with 
the drawing in which: 

FIG. 1 diagrammatically shows a cross-section of 3 
grain of novel powder in accordance with the invention, 

FIG. 2 is a cross-section of a furt! or embodiment of an 
aggregate grain of novel flame spray powder in accord- 
ance with the invention: ‘ 

FIG. 3 is a diagrammatic cross-section of an embodi- 
ment of a novel flame spray wire in accordance with the 
invention, 

FIG. 4 shows a cross-section of a further embodiment 
of a novel Mame spray wire in accordance with the inven- 
tion: and 

£563. S$ shows a stifl farther csmbetiment of a novel 
flame spray wine in accordance with the inventam 

In accotdame with the invention, the Mame soy ing 
is cifected with the heat-fasille material in the form of 
@ composite containing at least two component, “hich 
will exothermically react with each other at the tempera 
tures developed during the spraying, forming an inter- 
metallic compound. 

The term “composite” as used herein is imterded to 
designate a structurally integral unit and does not include 


3 


separated without amy destiuction of the stenctore Thus, 
in the cose of powder, the term “composite” decs not m- 
clude a simple mintore of individidl pramilys of the sep- 
arate components, but requires that cach ef the individual 
granules: contain the separate compurents which will 
exothermically react. fermins intermetallic compounds, 
In the ca of wire. the individual components mant be 
incetperated inn sincle wire, In the composite the com- 
ponents mint be in intimate cantact with cach other. 

In connection with powders, cach grain may consist of 
an anticeate containing the fee components which will 
esothermicatly react. forming the intermetallic compound, 
but picferably the individual grains of the powder are in 
the form of 9 chal composite consisting of a nucleus of 
onc of the components and at least one coating layer of 
the other component. Alternatively, the composite may 
consist of separate. concentric coating Jayers of the two 
‘components and a nucleus of still a third material. 

In the case of wires, the composites may be in the form 
of a wire having a coating sheath of one material and a 
core of the other. alternate coating sheaths of the com- 
ponents and a co. of a third material, a wire formed by 
twisting or rolling separate wire strands of the compo- 
nents, a wire consisting of a sheath of one component and 
a core containing the other coniponent in powder or com- 
pacted form. a wire consisting of a sheath of one com- 
ronent and a core containing a compacted powder mixture 

f this same component material and one or more other 
components, a wire consisting of a plastic sheath and a 
core containing a compacted powder mixture of com- 
ponents, etc. 

In order for the wires to be satisfactory for spraying. 
the same must not cavitate at the tip when heated. and 
should preferably be capable of forming a pointed or 
slightly tapered tip when being melied and sprayed. Thus, 
if the wires have an outer laver or sheath of one compo- 
nent and an inner core of another component, the inner 
core cannet have a lower melting point than the outer 
sheath, as otherwise the inner core will initially melt, caus- 
ing cavitation at the tip. For example, if the wire is com- 
posed of nickel and aluminum as the exothermically re- 
acting camponents and is in the form of a core with a 
coating sheath, the core must be nickel and the coating 
sheath aluminum. as otherwise during the spraying the 
core will initially melt out. causing the cavitation which 
will interfere with a satisfaciory spraying opcration. The 
wire having the melting-point characteristics so as to al- 
fow the melting off of the tip without this cavitation, is 
referred to hercin and in the claims as “non-cavitating 
wire.” 

As the components, any two metallics which may be 
melted toecther to form an intermetallic compound in an 
exothermic reaction may be used. The components should 
telease about 3000 calories per gram atom. and prefer- 
ably at feast 7500 calories per gram atom in the evother- 
mic reaction forming the inicrmetallic compounds. The 
ferm “calorics per gram atom” as used herein denotes 
the number of gram calorics which the average atomic 
weight in grams of the intermetallic compound formed 
will generate in so being formed. While the comporents 
are preferably present in the stoichiometric proportions 
tequited for the formation of the intermetallic compound, 
it is, however, possible to ako have an excess of one of 
the other provided the relative amounts are sufficient to 
release the quantities of heat indicated above in the forma- 
tien of the intermetallic compounds. 

An catremely baree number of metal components are 
known which can he melted tarcether in an cxothermic 
feaction, fetming ao intermetallic campound with the 
generation of heat Any of these component pairs may he 
vtilized in accordance with the invention, it only being 
reguired that ihe same be capable of being initially formed 
into the composite suitable for spraying and that the in 
termetallic compounds formed therefrom liberate the re- 
quired amount of heat in the intermetallic compounds- 
formation and are suitable as components of a spraye 
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coating. Asa peneral rule, components which will form 
intermetallic compounds having a hicler melting pedtt 
will liberate suificient heat to Be weful in accondarce 
with the invention. In certain imtances, heweser, com 
ponents which will form intermetallic compoumls which 
do not have as high a meiting point, will also liberate suthi- 
cient heat in the exathermic reaction and thus he neefed 
Preferred components ste aluminum with uf le: 4 he of 
Ca, Cr, Mo, W, Ya, Nb, Ti. or mowt preferably Ni: or 
sifcan with at Ieast one of Ti, Nh, Cr, W. Co. Ma, Ni 
or Ta. 

While iron itself ix not a satisfactory componen’. the 
same may he present in addition to erether component, 
which in itself is satisfactory, such as in the form of an 
alloy therewith. This other component. he «cver, must be 
present in amount sufficient to form the intermetallic com- 
pound with the other component of the comyerite, with 
the cenciation of sufficient heat io aid the spraying opera- 
tion. Thus, for cxample, iron which just contains enoush 
alleved nickel to render the same rust-resisi:.m:, oss not 
contain cnouch nickel for an effective exothermic reaction 
with aluminum. Generally an alloy of nicicl and iron 
must contain at least about 12° nickel for this purpose. 

FIG. | shows a composite powder con.iv'ing of a av- 
cleus of aluminum and a coating layer of nickel. FIG. 2 
shows an acerecate of these componcn's: and FIGS. 3. 4 
and $ show various forms of wire contuinirg these com- 
ronents, | 3 showing a wire having an aluminum core 
with a nicke! sheath, FIG. 4 showing a wire made of alter- 
nate strands of nickel and aluminum wire, as for example 
18 strands of 25 gauge (.019" diameter) nickel wire 
marked |, and 19 strands of 25 gauce aluminum wire 
marked 2; und FIG. 5 shows a sheath of aluminum filled 
with granules of nickel and aluminum. 

Where one of the component metals is available as a 
metal hydride, the same may be used in this form rather 
than as a metal per se. When flame spraved the hydrogen 
fas evulved from the hydride produces a reducing atmoe 
phere. which in turn suppresses oxidation of the incer- 
metallic compounds during and immediatel, after their 
formation. Thus, for example, in place of titanium, titae 
nium hydride may be used as one of the componznte. 

Also for the purpose of reducing oxidation a metal hy- 
dride, such as titanium hydride, may te added in a minor 
amount to the other components. Thi<. for example, 
1-10 by weight. and preferably 1-567 by weight, bassd 
on -y total of the hydride and other comrorents. may be 
usec. 

In addition, the powder cranules and the +. ire may con 
tain other conventional flame spray componente, or te 
sprayed in admixture or in conjunction therewith. Thus, 
for example, the coated roaders may addit‘onally con- 
tain other coating layers of other flame sp:av components 
or may contain a nucleus of another flame spray material 
with alternate coating layers of the components which 
will exothermically react, forming the intermetallic. In a 
similar manner. the agcrcegates or the wires may conta’n 
further flame spray components, and in the core of pow: 
ders. the same may additionally be admixed v.i:h any other 
desired flame spray powder, : 

The clad powders, in accordance with the invention. 
may be formed in any known or desired manner, ond pref- 
erably by the known chemical plating processzs, in which 
coating material is deposited on a seed or nucleus of an- 
other material, of in which multiple layers of various ma- 
terials are built up on the seed material, or in which vari 
ous materials are co-deposited in a single Layer on the woud 
material, 

A mode of forming the clad powders imalces the de- 
positing of a metal from a solution by reduction on a seed 
or nucleus, such as by the hydrogen reduction of am- 
moniacat solutions of nickel and ammonium sulfaic on a 
seed powder catalyzed by the addition of anthraquinone. ft 
is also possible to form the coating by the use of other 
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by the thermal decomposition of metal car- 

hosts, by bydiocen reduction of metal hala: vapors, by 

thermal deposition of halides, hydrides, carbons is, organo 

metals, of other solitile compounds, or by displacement 
plating wot the lhe, 

A prefessed and preatly simplified mele of forming the 
clad powders in accordance with the inveniion is the de- 

tine, Of ENC Component as a coating in the form of a 

on the ether compencnt, ‘This, one of the compo- 
nents which is to form the coating or clidding, may be 
dispersed in finely divided form ina binder ar taequet so 
aa, in effect, to form a paint in which “is componcnt 
corresponds to the piement. The paint is Caen weed to coat 
core particles of the other component and the binder or 
facquer allowed to set or dry. The binder material is pref- 
erably a resin which docs not depend on solvent evapora- 
tion in order to form a dricd or set film, and which film 
will decompose or break down in the heat of the spraying 
process. The binder, for example, may be a phenolic var- 
nish or any othcr known or conventional varnish, prefer- 
hly containing a resin as the varnish solids. The compo- 
nent which is initially mixed with the binder or varnish 
should preferably be as fincly divided as possible, as for 
example —325 mesh. The other componcnt which con- 
stitutes the core should be approximatcly or only slightly 
below the purticie size ultimaicly desired for the spray 
powder. The coatine of the core component with the 
“paint” may be effccicd in any known or desired manner, 
ead it is simply necessary to mix the two materials to- 
gether and allow the binder to dry or set. which will result 
in a fairly free-flowing powder consisting of the core 
component coated with a cladding of the other compo- 
nent bound in the binder. 

The agercsates may be formed by compacting or bri- 
quetiing the various componcms into the individual griun- 
ules, or into larcer aggregates and then breaking these 
ageregatcs into the granules. 

The wires may be formed in the known conventional 
manner for forming wircs with various components as, 
for example. by shrinking a sheath on a core, by forming 
tie core with powder, by twisting the component wircs, 
followed by rolling, drawing, swaging, or the like if 


In accordance with one mode of manufacture, one of 
the components may be formed into a tube or sheath and 
filled with a powder of the other component or a powder 
comprising a mixiure of the two componcnis, or contain- 
ing addition: components. The tube ends are then scaled 
and the wire reduced to the desired wire diameicr by 
swaging, rolling or drawing. Preferably the powder or 
powder mixture is first compressed into cylindrical bri- 
quettes before being placed in the sheath or core. The 
sealing of the tube ends aficr loading with the powder or 
powder mixture can be effected, for instance. by inseriion 
of a plug, for cxample of the metal of the sheath, by 
wekding, twisting, crimping, or the like. 

Powders in accordance with the invention should have 
the general over-all shape and size of conventional, flame- 
spray powders, and thus for example should have a size 
between —60 mech and +3 microns and preferably — 140 
mesh and +10 microns (U.S. Standard screen mesh size). 
Most prefersbly the powder should be as uniferm as pos- 
sible in grain size, with the individual grains not varying 
by more than 250 microns and preferably 75 microns. 

Depending on the particular flame spray process and 
the desired purpose, the composite powders may be 
sprayed per se or in combination with other different 
composite powders, or in combination with other con- 
ventional Name spray powders or powder components. 

While the powders are preferably sprayed, as such, in 
a powder-type of flame spray gun, it is also possible to 
combine the same in the form of a wire or rod, using a 
plastic or similar binder, which decomposes in the heating 
zone of the pun, or in certain cases the powders may be 
compacted and/or sintered together in the form of a 
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rod or wire. The wires must have the conventional sizes 
and accuracy tolerances for flume spray witcs, and thus 
for example may vary in size between 1a" and 29 pace, 
aval ate preferably of the following sizes: 3 iq 4. 00008", 
— 025", ta” 4S", — ATS", VE gauce + Anyns**, 
— 025", and 15 gave 4.01", with a smooth, clein 
finish free from surface marks, blemishes, or defects. The 
wires are sprayed in the conventional manner, using <on- 
ventional wire-type Mame spray runs. 

In combining, in the crothermic reaction, forming the 
intermetallic compound, the components rencraic heat 
in situ in the actual material which is to form at least a 
part of the coutine. Thiv is to be distinguished from 
flame-spray processes and materials in which heat i* gen- 
erated by a reaction, such as an oxidation reaction, in 
which a foreign and non-metallic clement is introduce. 
and in which undesirable components may Ce produced. 
Aside from creatly contributing to the thermal efficiency 
of the process, the heat gencraicd in situ in the formaiion 
of the intermetallic compound produces novel results, in 
many instances forming a denser, more adherirs coating, 
having characieristi:s of at least a partially fused coating. 
In many instances the coating has self-bondinz characicr- 
istics, so that special surface preparation, other than a 
good cleaning, is not required. The sprayirz in all ovher 
respects is effected in the conventional, weil-Lrown man- 
ner, using conventional flame spray equipment, and the 
conventional surface preparation may Se uticized, if de- 
sired. The composites in accordance with the invention 
may be sprayed in conjunction with, or in addi:ion to, 
other flame spray materials conventionally used in the 
art, or may be sprayed in combination or conjunction 
with the others. 

The wse of the composites as, for example, the nickel- 
aluminum composi'es, will pencrally improve the bond 
of the total sprayed material, and thus of the other com- 
ponent or comronen:s to the substrate, sometimes makirs 
the mixture self-bonding. The pariicle bond will te im- 
proved and the coating will be denser, so that its porosity 
may be decreased. In general, as little as 10°° by weizht 
of the composites in accordance with the invention will 
be sufficient to substantially improve the torJirs char- 
acteristics and decrease the porosity of other flame spray 
materials, such as conventional flame spray nsctals, alloys 
or ceramics. There is, of course, no upper limit on the 
amount, as the comrosite may be sprayed rer se, but 
generally at lexst about 20% by weight of the other com- 
ponent is required if this componcnt is to have a pro- 
nounced effect on the characteristics of the coating. 

The following examples are given by way of illus- 
tration and not limi:ation: 


Example | 


(a) An aluminum powder having a partici!e size te- 
tween ~— 140 mesh and —325 mesh (U.S. Stardard sercen 
size) is coated wish nickel in the known menrer by the 
hydrogen reduction of an ammoniacal solution of nici.cl 
and ammonium sulphate, using anthraquinone as the co.t- 
ing catalyst. The reduction is effected at a temperature 
between about 300 and 380° F. in a mechanical) acitaced 
autoclave using solutions containing 40-£0 groin per iter 
of nickel and 10-460 grams per liter of (NH,):SO, and 
20-30 grams per liter of NH). About .2 cram per hiss 
of anthraquinone is used as the catalyst and the awochive 
is pressurized with hydrogen at a pressure of «tour #0 
Ibs. p.s.i.g. After the nickel solution is depleted and the 
aluminum coated with an initial coaiing of nickel, the 
solution is discharged from the amoclave and replenished 
with a fresh solution which need not contain further 
amounts of the anthraquinone coating catalys1, as the ini- 
tially formed nickel coating in itself acts as a catalyst. 
The cycle is continuously repeated until a composite 
powder is formed containing about 16 to 18% by weight 
aluminum and 84 to #266 by weight of nickel, and a size 
of — 100 to +270 mesh. 
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The powder thas formed is Mame-sprayed on a mihd 
stect plite which hays been surface-cloined with emery 
cloth. The spravine ts eflected at about 9 inches from the 

atc, wine a powder type Mame-spray pun as dest ihod 
c US. Patent 2.961.348, issued Nev. 22, 1960 and sold 
by Metco Inc. of Westbury, Long Ishiund, wader the trade 
name of “Thenmespray” powder pun. The spraying is 
effected at a rate of 6 to 9 ths. of powder per hour, using 
acetylene pas as the fuel at a pressane of 10 p.s.i. and a 
flow tate of 17 10 2S cu ft./hr. and oxygen as the ovidtiz- 
ing pas at a pressure of 12 p.s.i, and a flow rate of 29 10 
38 cw. ft. /hr. 

The nickel coating and the aluminum base combine 
in the heat of the flame with a strong exothermic aciion, 
forming a mixture of nickel aluminum + intermetallic 
compounds which deposit on the bass as a dense, hich 
quality coating which exhibits self-bonding characteris- 
tics. A coating layer of .002°-.004" thickness is built up 
in this manner. The coating may be used as a base 
material for spraying of further laycrs of different metals 
or the like, and serves as an excellent intermediate bond- 
ing layer. 

The coating layer may also he built up to a greater 
thickness as, fer cxample, .010°-.020", for use as an 
oxyfen barrier undercoat, or to cven ercater thickness 
as, for example, .020°-.040" of thicker as a wear-resist- 
ant-oxridation-cesistant surface. 

Duc to its self-honding characteristics the sprayed coat- 
ing will adhere to a base without the conventional surface 
preraration or roughening. and duc to the patural char- 
ecteristics of a sprayed material, will allow further mate- 
tials to be sprayed thereon with good bonding. The 
coating formed from the powder has excellent oxidation- 
resistant characteristics exen at high temperatures and 
in oxidizing atmospheres, ard will for example prevent 
the oxidation of base materials, such as molybdenum or 
the like. The sprayed coatings may be used as a lining 
in meial-mclting crucibles or molien metal-handling 
equipment, and will not be wetted or penetrated by many 
molten metals, including self-fluxing alloys. Coatings 
formed of the sprayed material also show good potential 
as hich temperature, wear-resistant coatings. 

When the crample is repeated on a molybdenum rod 
of %4." diameter, with a coating between .010°~.012" 
thick, the coatcd rod may be repeatedly heated to approx- 
imately 2000° F. in air, in an electric furnace and cooled 
to room temperature with no visible oxidation occurring. 

Similar results may also be obtained if the composite 
powder contains 10-45% by weight of aluminum and 
$$-90° by weight of nickel. 

(b) Example 1a) is repeated, using, however, cobalt 
in place of the nickel. Comparable results are obtained. 

(¢) Example 1(a) is repeated, using titanium hydride 
(Tili,) powder in place of the aluminum and in an 
amount of 25-85 weight percent, and preferably 60-85 
weight percent of the total. The coating formed uron 
spraying is hard and dense, and when sprayed on a 
smooth, pressed and sintered Al,O, substrate, an excel- 
lent bond is formed. The spraying may be effected with 
an oxygen-hydrogen or oxygen-acetylene flame. 


Example 2 


Example | is repeated with the spraying being effected 
in turn on the following bases and prepared in the fol- 
lowing manner: 

Low alloy stcels and stainless stecls, smooth-ground 
to remove surface contamination; copper and copper base 
alloys, rough-ground or light-gr4t-blatted; aluminum and 
aluminum base alloys, rough-ground or light-grit-blasted; 
magnesium, rough-ground or light-prit-blasted; and tita- 
nium, rough-ground or hpht-grit-bliasted. 

In cach case when a further material, such as stecl, 
slumina or the like, was sprayed over the coating in the 
caaventional and well-known manner, the same was 
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been initially sprayed on the surface as prepared in the 
manner indicated above, a sotisfactary bond would nut 
be obtained. 
Example 3 


The nickel-clad powder of Example 1 is mixed with 
an Al,O, powder having a particle size hetwcen 42 
microns and 10 microns, in the ratio of about 40°% of 
the nickel-clad powder with 60% by weirht of the 
ecramic. The powder is sprayed, wing the pun described 
in Example 1, on a mild stecl plate which bes heen sut- 
face-cleancd hy smooth grinding. Sprayine is effected at 
a distance of about 9° from the plite at a rate af about 
4 to 8 tbs. of powder fer hr., using acetylene at a pres- 
sure of 10 Ibs. p.s.i. and a flow rate of 17-25 cu. ft./hr.. 
and oxygen at a pressure of 12 p.s.i. and a flow rate of 
29-35 eu. ft./hr. 

A seli-bonding cermet coating is formed which showed 
excclicnt thermal shock-resistance, hardness, abrasion: 
resistance, and which strongly inhibited oxidation of the 
base. 

It is possible to vary the percentaccs of the ceramic 
in the mixture between $ ard 854% in order te vary the 
propertizs of the couting. With an increased amount of 
the intermetallic compound in the cermet coatinz formed, 
the bonding and thermal shock-resistant propertics in- 
creas:d, whereas with an increased amount of the ceramic, 
the hardness and wear-resistant properiics of the coating 
are increased and the thermal conductis ty decreased. 


Example 4 


Example 3 is repeated, using the following materials 
in place of the aluminum oxide: 

Zirconia, calcium zirconate, magnesium irconate, 
spinel, ceric oxide, hafnium oxide, rare earth oxides, 
molybdenum disilicite, tungsten silicide, chromium sili- 
cide, titanium silicide, tungsten carbide, titanium carbide 
and chromium carhide. 

In each case an excellent coating was formed. 

Example § 

A nucleus of silicon powder is corted with nickel to 
form a nickel-clad flume spray powder having a partizte 
size betucen 100 and 328 mesh and containing 7$-85°% 
nickel based on the silicon-nickel tota!. The composite 
powder is sprayed with the flame spray gun descrided in 
Exampte 1 on a stcel base prepared by lightly grit-blas:- 
ing, using the spraying conditions as de<crited in Examp:c 
1. During the spraying silicon combines with the nickel 
in an exothermic reaction. greatly enhancing the thermal 
efficiency of the spraying and producing an exceiicnt 
coating. 

Example 6 


Titanium is coated with nickel as descrited in Exemp'e 
1 to produce a rowder having a particle size trivcen 160 
and 325 mesh and containing 10 to $0% nickel based 
on the titanium-nickel total. 

The nickel protects the titanium from oxidation during 
storage and when spraying. 

Upon spraying in the manner deccrited in-Examp'e 1, 
on a base material prepared by prit Masting, the nickel 
and titanium combine exoihermically in the flame to form 
a corrosion-resisinnt coating comprising a nicke!-titunium 
intermetallic compound, 

Example 7 


Tellurium powder was coated with correr so as to form 
a composite having a particle size betuce 100 and 325 
mesh and containing 50 to 80% copper based on the tel- 
lurium-coprer total. 

Upon spraying in the manner described in Example 1, on 
a base material prepared by grit-blasting, the copper ard 
tellurium combine to form a new material. 

During the spraving heat was evolved upon the com- 
bination of the coprer and iellurium, incre.sing the 
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Example 8 


The nickel-clad flame spray powder of Example 1 is 
mixed with about 20° by weight of low pressure poly- 
ethylene powder and molded at a temperature of akout 
212° F. into th form of a rod of 4a” diameter. The rod 
is sprayed, using a conventional wire-type Mame spray 
gun sold by Metco Inc. of Westbury, Long Island. as 
the Metco-type 4-E pun. The spraying is effected with 


‘acetylene at a pressure of 15 p.s.i. and a flow rate of 37 


cu. ft./hr. with oxygen as oxidizing gas al a pressure of 
38 psi. and a flow rate of 75 cu. ft./hr.; with air as a 
blast gas at a pressure of 40 p.s.i. and a flow rate of 25 
cu. ft./min. The end coating produced is similar to the 
coating produced in Example 1. 


Example 9 


A wire is formed by encasing a core of nickel in a 
tube of aluminum and drawing to a size of .125° in di- 
ameter plus or minus .002”. The wire contains 82 to 
84° by weight of nickel based on the aluminum-nickel 
total. 

The wire is sprayed, using a conventional wire type 
flame spray cun sold by Metco Inc. of Westbury, Long 
island, as the Metco-type 4-E gun. Spraying is effected 
with acetylene at a pressure of 15 p.s.i. and a flow rate of 
37 cu. ft./hr. with oxygen as the oxidizing gas at a pres- 
sure of 38 p.s.i. and a flow rate of 75 cu. ft./hr. Air is 
used as a blast gas at a pressure of 55 p.s.i. and a flow 
sate of 30 cu. ft./min. The end coating produced is simi- 
lar to the coating produced in Example 1. 

Similar results are also obtained using 55-90% by 
weight of nickel in the wire. 


Example 10 


Acomposite wire is formed by winding individual wires 
of nickel and aluminum :. form a stranded wire with a 
diameter of .125” plus or sinus .002”. The wire contains 
$5 to 90° by weight of nickel based on the total Al-Nn. 
The wire is sprayed in the manner described in Example 
9, with identical conditions and coating resulting. 


Example 11 


A silicon powder having a particle size between 140 
and 325 mesh is coated with molybdenum in the known 
manner and a composite powder is formed containing 
about 35 to 39% by weight of silicon and about 61 to 
68° by weight of molytdcnum, and a size of 100 to 
270 mesh. 

The powder thus formed is flame-spraycd on a base 
material which has been prepared by light grit-blasting in 
the manner descrided in Example 1. 

The molybdenum coating and the silicon base combine 
in the heat of the flame, forming a molybdenum silicon 
intermetallic which deposits on the base as a dense, high 
quality coating which exhibits excellent resistance to oxi- 
dation at clevated temperatures und will protect the base 
material from oxidation. 


Example 12 


A molybdenum powder having a particle size range be- 
tween 140 and 325 mesh is coated with silicon in the 
known manner and a composite powder is formed con- 
taining about 35 to 39% by weirht of silicon and about 
61 to 65% by weight of molybdenum, and a size of 100 
to 270 mesh. 

The powder thus formed is flame-sprayed on a base 
material which has been prepared by light grit-blasting. 
The spraying is efle, cd at about five inches from the plate, 
ting a powder type plasma flame-spray gun sold by 
Metco Inc. of Westbury, Long Island, New York, under 
the trade name of type 2MB plasma flame gun. The 
Spraying is cflected at a rate of six to nine Ibs. of powder 
per hour, using a mixture of argon and hydrogen gas as 
the playma gas, with argon at a pressure of 100 p.s.i. and 
& few rate of 110 cu. fi./hr., and hydrogen at 50 p.s.i. 
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and a flow rate of 25 cu. ft./hr., using arcon as the 
powder carrier cas at 100 psi. and a fea rate of 18 cu. 
ft./he., using a standard electrade and “1D” Arron nozzic, 
and using arc currcnt of 400-S0N amperes at $7-62 volts, 

The molybdenum base and silicon coating combine in 
the heat of the flame, forming a molyhicnim «licen 
intermetallic which deposits on the base as a dense, hich 
quality coating which exhibits excelicnt resistance to ovi- 
dation at high iempcratures anc will protect the base 
matcrial from oxidation. 


Example 13 


A silicon powder hasing a particle size betucen 140 
and 325 mesh is coated with chromium in the known 
manner, and a composite powder is formed containing 
about 48 to 85% chromium and 15 to $2“ silicon ty 
weight and a size of 100 to 270 mesh. 

The powder thus formed is flame-spraved on a base 
material which has been prepared by light grit-blas:ing 
in the manner descrited in Example 1. 

The chromium coating and the silicon bate combine 
in the heat of the flame, forming a chromium-siticon 
intermetallic which deposits on the bace as a dense, hizh 
quality coaiing which exhibits excellent resistance to ovi- 
dation at clevated temperatures and will protect the base 
material from oxidation. 


Example 14 


A chromium powder having a pariicle size between 
140 and 325 mesh is coated with silicon in the known 
manner, and a composite powder is formed containing 
about 48 to 85% chromium and 15 to $2°¢ sitizon by 
weight and a size of 100 to 270 mesh. 

The powder thus formed is flame-sprayved on a base 
material which has been prepared by light grit-blasting. 
The spraying is effected at about five inches from the 
platc, using a powder type plasma flame-spriy gun sold 
by Metco Inc. of Westbury, Long Island. New York, 
under the tradename of Type 2MB plasma flume gua. 
The spraying is effccied at a rate of six to nine Ibs. of 
powder rer hour, using argon gas as the plasma gus at 
a pressure of 100 p.s.i. and a flow rate of 110 cu. ft./hr., 
using argon as the powder carrier gas at 109 psi. and a 
flow rate of 15 cu.ft./hr., using a standard clectrede and 
“D" Argon nozzle. and using arc current of 400-500 am- 
peres ut $7-62 volts. 

The chromium base and silicon coating combine in the 
heat of the flame, forming a chromium silicon intermetal- 
lic Which deposits on the base as a dense, hich quality 
coating which exhibits excclient resistance to oxidation at 
high temperatures and will protect the base matcrial from 
oxidation. 

Example .15 


A zisconium powder having a particle size between 120 
and 325 mesh is coated with chromium in the known 
manner and a composite powder is formed containing 
about 45°%¢ zirconium ind 60%: chromium by weight and 
a size of 100 to 270 mesh. 

The powder thus formed is flame-sprayed on a base 
material in the manner desciii-ed in Example 1. ° 

The chromium couting and the zirconium base combine 
in the heat of the flame, forming a chromium zirconium 
intermetallic which deposits on the base as a dense, hich 
quality coating which exhibiis excellent resistance to oxi- 
dation at high temperatures. 


Example 16 


A titanium powder having a particle size rance betucen 
140 and 325 mesh is coated with silicon in the known 
manner and a composite powder is formed containing 
about 33 to 65‘e titanium and 35 to 65% silicon by 
weight and a size of 100 to 270 mesh. 

The powder thus formed is flame-sprayed on a base 
material which has been prepared by light grit-blasting. 
The spraying is eflected at about five inches from the 
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plate, wing a powder type plasma flame-spray pin sold 
by Metco Inc. of Westhory, Tone Isand, New York, 
woder the trade name of Type JMB plasma flame gun. 
The spraying is effected at a rate of six to nine ths. of 
powder per hour, using arpon pas as the plasma pas at a 
pressote of 100 psi, and a flow rate of 110 cu, ft./he,, 
using arcon as the powder carrier pas at 100 psi, and a 
flow tate of 18 cu. ft./be,, using a standard electrode and 
“PD” Atpon nozzle, and using are current of 400-509 am- 
petes at $7.62 volts, 

The titanium base and silicon coating combine ¢xo- 
thermically in the heat of the Mame, forming a titanium 
silicon intermetallic which deposits on the base as a dense, 
high quality coating which exhibits excellent resisiance to 
oxidation at high temperatures ard will protect the base 
material from oxidation. ° 


Example 17 


A dysporsium powder having a particle size between 
140 and 325 mesh is coated with aluminum in the known 
manner and a composite powder is formed containing 60 
to 7862 dysprosium and 25 to 40% aluminum by weight 
and a size of 100 to 270 mesh. 

The powder thus formed is flame-sprayed on a base 
matcrial which has been prepared by light grit-blasting 
in the manner described in Example 1. 

The aluminum coating and the dysprosium base com- 
bine in the heat of the flame with a strong cxothermic 
action, forming a dysprosium aluminum intermetallic 
compound which deposits on the base as a dense, high 
quality coating which exhibiis excellent properties at high 
temperatures, 

Example 18 


A Nanthanum powder haying a particle size between 
140 and 325 mesh is coated with aluminum in the known 
manner and a composite powder is formed containing 70 
to 7$%¢ lanthanum and 25 to 30% aluminum by weight 
and a size of 109 to 270 mesh. 

The powder thus formed is flame-sprayed on a base 
material which has been prepared by grit-blasting in the 
manner described in Example 1. 

The aluminum coating and the lanthanum base com- 
bine cxothermically i: the heat of the flame with a strong 
exothermic action, forming a lanthanum aluminum inter- 
metallic conypound which deposits on the base as a dense, 
high quality coating which exhibits excellent properties 
at high temperatures. 


Example 19 


A chromium powder having a particle size between 146 
and 325 mesh is coated with aluminum in the known 
manner and a composite powder is formed consisting of 
60 to 62% chromium and 38 to 4056 aluminum by weight 
and a size of 100 to 270 mesh. 

The powder thus formed is fiame-sprayed on a base 
material which has been prepared by grit-blasting in the 
manner desciibed in Example 1. 

The aluminum coating and the chromium base com- 
bine in the heat of the flame with a strong exothermic 
action, forming a chromium aluminum intermetallic com- 
pound which deposits on the base as a dense, high qual- 
ity coating of very high melting point and excellent oxi- 
dation-resistance. 


Example 20 
Example 19 is repeated except that the composite pow- 


der is formed with an aluminum core and chromium coat- 
ing. Identical results are obtained. 


Example 21 
The nickel-clad aluminum composite powder of Exam- 
ple 1 is mixed with cobalt bonded tungsten carbide par- 
ticle powder having a particle size range of —140 mesh 
+19 microns, and preferably —140 +325 mesh in pro- 
portions of: 
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(a) 80 weight percent tungsien carbide to 39 weicht 
percent of the composite. 

(b) 20 weight percent of the carbide to 80 weizht per- 
cent of the composite, and 

(c) preferably $0 weight percent cach of the wingstien 
carbide and composite. 

‘the powder mixtures are each flume-sprayed on a 
mild stec! plate which hay been surface-cleaned by prind- 
ing or very licht sand-blast cleaning. The spraying is ef- 
fected at about & 9 inches from the rla‘e, wine a povadete 
type flame-spray pun ws described in U.S. Patent 2.961.335 
imucd Nov. 22, 1960, and sold by Meteo Inc. of West- 
bury, Long Mand, New York, under the trade name of 
“Thermo-Spray” powder gun. The spraying is effec'ed 
ata rate of 6 to 10 ths. per hour using acet;lene gas ay 
the fucl at a pressure of 12 p.s.i. and a flow rate of 20 
to 30 cu. ft.shr. and oxygen as the onitizing gas at a 
pressure of 14 p.s.i. and a flow rate of 20 to $0 cu. ft. he. 

The nickle-aluminum composite powder in the mixture 
rexets exothermically in the flame to provide the ‘elf- 
bonding properties of the mixture and, being fully molten 
on impact with the substrate, becomes the matrix which 
securely binds the tungsten carbide particles together in 
the coating. 

Used as sprayed, or finished by prorer grinding proce: 
dure, the resultant coating is of a highly wear-resistant 
coating material, applicable to virtually any base mate- 
rial and not subject to the limitations of the previoutiy 
used self-fluxing alloy matrix materials which must be 
fused at approximately 1900° F. 


Example 22 


Example 23 is repeated except that in place of the 
grade of tungsten carbide cobalt powder grains used, ¢o- 
balt-bonded tunesien e-rbide grains with lov.er cobalt con- 
tent and sharp, angular shape are used. 

The powder was sprayed in the manner described in 
Example 21. The sharp, angular edzes of the initial turg- 
sten carbide particles were retained in the coating. 

The deposited coating may be suitably finished by grird- 
ing for use as a wear-resistant coating or used as deposited 
where the coated article is to be used as a hone or lap, 
the sharp edges of the carbide inclusions constituting the 
abrading or cutting edces. 


Example 23 


Example 22 is repeated excert that in place of the turg- 
sten carbide grains described. cobalt-bonded tungs:en care 
bide particles of sharp, angular shape were used which 
were first coated with nickel in the manner described in 
Example 1, so as to produce nickel-clad particles having 
a size between 100 and 325 mesh and containing from 
20-50% nickel based on the tungsten carbide-nickel total. 


Example 24 


The nickel-clad aluminum composite described in Ex- 
ample 1 is mixed with a columbium (niobium) powder of 
size between —120 mesh and +10 microns and prefer- 
ably —140 +325 mesh in the proportions of 60 weight 
percent of the nickcl-aluminum composite. 

The powder mixture is sprayed in the manner descrited 
in Example 2). The resultant coating is self-bording to 
a wide variety of substrate materials and when rroperly 
finished, by grinding or other means, is a highly wear- 
resistant, hard coating. 

Example 25 


The nickel-clad aluminum composite described in Fs- 
ample i is mixed with a molybdenum rouder of a size 
between —120 mesh and 4-10 microns and preferably 
—140 4325 mesh in the proportions of 65 weight percent 
niolybdcnum to 35 weight percent of the nickel-aluminum 
composite. 

The powder mixture is sprayed in the manner descrited 
in Example 21. The resultant coating is self-bonding to 4 
wide variety of subsisate materials and when propetly 
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finished, by grinding oF other means, presents a highly 
wear-resistant, hard surface. 


Exmple 26 


Frample 21 is repeated except in place of the tunrsien 
carbide, other carbides such as litaniom cathide, tantalim 
catbile, columbian carbide, chromium carbide and mix- 
tures of the various carbides ane used, 


Example 27 


The nickel-clad aluminum core composite from Exam- 
ple 21 is mixed with aluminum powder in the mesh size 
range —100 4325 mesh, and preferably in the —170 
4-328 mesh size range in the proportions of 80 weight 
percent nickel aluminum composite to 20 weight percent 
aluminum. 

The miature was sprayed in the manner described in 
Example 21. The coating as deposited consists of an inti- 
mate mixture of the flame-reacted nickel aluminide and 
aluminum sccurcly bonded to the base and particle to 
particle within the coating. 

Upon heat-treating in the temperature range 1250° F. 
to 1800° F. in reducing atmosphere, dry hydrogen for 
instance, the nickel aluminide and aluminum combine to 
form a dense, homogenous coating fused to the base 
material which can be used for “cathodic” protection of 
iron and stcel subject to water and salt-water corrosion, 


Example 28 


The nickel-clid aluminum composite powder of Ex- 
ample 21 is mixed with Moncl powder of a size between 
—100 mesh and +10 microns, and preferably between 
140 and 4325 mesh in the proportions 35 weight per- 
cent composite to 65 weight percent Moncl. 

The powder mixture was sprayed in the manner de- 
scribed in Example 21. The resultant coating is sclf- 
bonding to a wide varicty of substrate materials and the 
inclusion of the nickel-aluminum composite, the com- 
porerts of which combine cxothermically in the flame 
to provide the self-bondin: ability of the mixture, con- 
siderably incre: se the particle to particle bonds within 
the coating and decrease the permeability of the coating. 


Example 29 


Example 28 is repeated except that nickel and stainicss 
steel powders ore substituted for the Monel. 


Example 30 


Example 28 is repeated except that chromium is sub- 
stituted for the Monel. 

‘The resultant coating when properly finished, by grind- 
ing or other means, shows high resistance to abrasion, 
wear, and galling by other metals, and is an excellent 
bearing surface. 

Example 31 


Finely divided aluminum poyder (—325 mesh) was 
blended with a phenolic varnish having approximatcly 
80%: solid contents so as to form a mixture having the 
consistency of a heavy syrup and containing 60% by 
wcicht of the metallic aluminum. 

100 grams of this varnish aluminum powdcr mixture 
was added to 240 grams of nickel powder having a size 
hetucen —200 and 4-325 mesh, and the two were 
thoroughly mixed, with the mixing continued until the 
varnish dried, leaving a fairly free-flowing powder in 
which all of the nickel core particles were clad with a 
dry film, which consisted of i 


bi 


st, The powder ts then warme 


complcte drying. There were some minor agglomerates 
which were screened out and hand-milled to reduce the 
same to a ~—100 mesh powder. The end powder con- 
sisted of approximatcly 15 weight percent aluminum and 
85 weight percent nickel due to the loss of some alumi- 
num during the milling. The powder is sprayed in the 
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manner described in Example 1 producing a similar cout. 
ing having, however, more than twice the ten: ile strength 
of the coating produced in Example }. 


Example 32 


(aj A mixture of 6 weight percent aluminum and 94 
weight percent nickel powder are thoroughly blended and 
pressed together in the form of cylindrical brignetics 
which are leaded into an aluminum tube of .375" outrite 
diameter, efter which the tuke ends ate welded closed. 
The 44° diameter fecd stock is then swaged to 14” diam- 
eter, then to a “jn” diameter and then to a 15° finished 
wire diameter. The wire is then annealed and cciled. The 
wire is then sprayed, using the conventional wire ty7e 
flame spray gun sold by Metco Inc. as the Metco Tyre 
4-E gun. Spraying is effected, using acetylene at a pres 
sure of about 15 Ibs. p.s.i. and a flow rate of 37 cu. ft./hr. 
and oxygen as the oxidizing gas at a pressure of 38 Ibs. 
p.s.i. and flow rate of 75 cu. ft./hr. Air is used as a 
blast gas at a pressure of 55 Ibs. p.s.i. end flow rate of 
30 cu. ft./min. The wire is sprayed at a rate of § ft. rer 
minute. The spray material is depmsited on a surface of 
ground and machine-finished, cold rolicd steel] with a 
tensile bond strenzth of 3820 Ibs. p.s.i. The sprayed coat- 
ing is hard and dense; it is wear- and oxidation-resistunt 
and it also could serve as a base for further sprayinz. 

(b) Example 32¢a) is repeated except that chro;sium 
is used in place of the nickel powder in amounts of from 
24-95 weight percent, based on the total of the aluminum 
and chromium. Spraying results in a high quality costing 
which has sclf-bonding properties and is resisiant to oxi- 
dation at high temperatures. 

(c) Example 32{a) is repeated, using columbium 
powder in place of the nickel powder in amounts of from 
40-90 and preferably $0-55 weight percent, based on the 
total of the columbium and aluminum. The sprayed conte 
ing formed is a high quality coating which is resistant 
to oxidation at high temperatures and may be used to 
protect tantalum and molybdenum bases from oxidation. 

(d) Example 32(a) is repeated, using tantz!um powder 
in place of the nickel powder in amounts of 46-90 weignt 
percent and preferably 65-75 weight percer: of tentalim, 
based on the total of tantalum and aluminum. The 
sprayed coating is a dense, high quality coating which 
is self-tonding and is resistant to oxidation at high 
tempcratures. 

(e) Example 32(a) is repeated, using boron powder 
in plice of the nickel powder in amounts of 40-90 weicht 
percent, based on the total of boron and aluminum, The 
resulting sprayed coating is self-bonding and is resistant 
to oxidation at hich temperatures. 

(f) Example 32(c) is repeated except that the powder 
additionally contains 0.5 to § weight percent of boron, 
and/or 0.5 to § weight percent of silizon, bascd on the 
total of the components. The coating formed is similar 
to that obtained in Example 32(c) except that on heating 
to hich temperature in air, a very thin, dense, adherent, 
protective oxide film forms on the surface of the inter- 
metallic compound formed, which is resistant to spalling 
duc to thermal shock, and which is believed self-healing. 

(g) Example 32(a) is repeated except that tungsten 
carbide containing 12% binder and having a partisic size 
below —140 mesh is added it amount of 5-70 weizht 
percent, based on the total o the components. The re- 
sulting coating is a dense, extremely wear-resistant coat: 
ing. » Sich has self-bounding properties. This cxampic may 
be further repeated, using in place of the tungsicn carbile 
specified, crystalline tungsten carbide, aluminum oxide, 
diamonds or any other abrasive material. 

(h) Example 32(a) is repeated. Howeser, 1-10% by 
weight and preferably 1-55 by weight of titanium hydride 
of a size below —100 mesh and preferably below —325 
mesh, based on the total of the components, is sided 10 
the core material. The results are the same as indicated in 
Example 32(a) except that the coating formed is of im- 
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proved physival sMrength, containing considerably less ox- 
ile inghnsiom. In place of the titanium hydride other 
metal bvahisles may be nsetl. 

(i) Example 324) is repeated except that the nickel 
powder is replaced with a nichrome powder consisting of 
a chrome alloy containing 8057 nickel and 20° chro- 
minum, When sprayed the wire pives a dense, sclf-hound- 
ing coating which is extremely oxidation-resistant, 

() Vsample 12a) is repeated except that the nickel 
powder is replaced with a powder mixture consisting of 
RN hy weight nickel and 206% by weight chrome. When 
sprayed the wire gives a dense, sclf-bounding coating which 
is highly oxidation resistant, 


Example 33 


Table 1 below gives examples of further component 
pairs which may be used to form the powders and/or 
wires in accordance with the invention, 

Fach of the component rairs as lisied in Table I below 
mav be forme: into a composite powder or wire as de- 
scribed above. and when flame-sprayed will exothermically 
react, forming an intermetallic compound and high grade 
coating. Thus, the component pairs may be formed into 
clad powders as described in Example 31 and sprayed as 
described thercin, or formed into a composite wire as 
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described in Example 32 and sprayed as described therein. = 


TABLE 1 
j Ag Ce Ga Pr 
, Al As Ga Sb 
‘ Al Au Ga Te 
AIB Ga U 
Al Ba Ce Mg 
Al Ca Ce Nb 
, Al Ce Ce Zr 
' Al Co HV 
Al Cr Li In 
Al La g In Te 
Al Li In Ru 
Al Mo K Sb 
Al Nb K Se 
Al Ni 7 oe 
Al Pr K Te 
Al Ti La Pb 
Al Zr La Sb 
Al Sb La Sn 
Al Se ‘ La Te 
Al Ta La Zn 
Al Te Li Pb 
ALU Li Sb 
AI V Li Sn 
ALW : Li Ti 
As Cd Li Zn 
As Ga Mg Sb 
As In Meg Sn 
As Mg Na Pb 
As Zn Na Sb 
BY Na Se 
B Co Na Sn 
BCr Na Te 
Bf Na Tl 
IB Nb Nb Si 
"| BTa Ni Th 
/ BTh Pb Pr 
i BTi ’ Pb Pu 
i RY Pb Se 
‘BW Pb 11 
RZr Pd U 
Ra Ri Pr Sn 
Ba Pb Pr Ti 
Ra Sb Sb Zr 
Ne Co Se Sn 
Be Cr Se Th 
He Ni Se Tl 
Be No Cu Te 
He Pu Si Ti 


Be U 
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TAW UN 1 Continued 

Ne 7r SiV 
Hi Ca Si 7r 
hi Ce Sn Te 
hi K Sn U 
Ri Li Sn Zr 
Ni Mg Te Zn 
Ni Na Mo Itc 
Hi Se Nh te ° 
hi Te Ta Vc 
Hi ‘th V ie 
Ca Pb ‘Ti Ke 
Ca Sa ' Cr Si 
Ca Ti Cr Ti 
Ca Li Cr Zr 
Cd Na Mg Te 
Ce In Ni Te 
Ce Mg Si Th 
Ce Pb SiW 
Ce Si Co Si 
Ce Sn Mo Si 
Ce Ti Ni Si 
Ce Zn Si Ta 


Ga Na 


We claim: : 

1. In the Mame spray process in which a heat-fusitle 
material is heated in a heaiing zone to at least heat-soft- 
ened condition and propelled in such condition out of suid 
zone in finely divided form onto a substrate, the ime 
provement which comprises passing the heat-fusible mae 
terial into said zone in the form of a composite compris 
ing at Icast two distinct, componcnts unsiloyed together 
as a single alloy and in proportion and form sufficient to 
exothermicall y react SHR cach other at the temperature dee 
veloped in the heating zone, forming an imermetallis com- 


pound. 
2. Improvement according to claim 1 in which said 


components are components which eaothermically re:st 
with cach other, with the release of at least 3,000 grim 
calories per gram atom. 

3. Improvement according to claim 1 in which said 
components are components which exothermically react 
with each other, with the release of at feast 7,800 gram 
calorics per ,Tam atom. 

4. Improvement according to claim 1 in which one 
of said componcnts is aluminum and the other nickel. 

5. Improvement according to claim 4, in which said 
aluminum is present in amount of about 19 to 45% by 
weight, based on the total of nickel and aluminum. 

6. Improvement according to claim # in which said 
components are component pairs sciected from the group 
listed in Table I above. 

7. Improvement according to claim 1 in which said 
composite contains at least one additional flame spray 
material. 

8. Improvement according to ¢laim 1 in which said 
composite is sprayed in conjunction with at least one 
further flame spray material. 

9. In the flame spray process in which heat-fusible nae 
terial is heated in a heating zone to at least !zat-coftered 
condition and prorclicd in said condition out of said zore 
in finely divided form onto a substrate, the inprosensent 
which comprises passing the heat-fusible material ito 
said zones in the form of individual clad powder partic’:s 
comprising a nucleus and a coating layer which ¥ ill 
exothermically react with the nucleus at the temperatire 
developed in the heating zone, forming an intermetallic 
compound. 

10. Improvement according to claim 9 in which said 
components are components which exothermically react 
with each other, with the release of at least 3,000 gram 
calories per gram atom. 

11. Improvement according to claim 9 in which said 
components are components which exothermically react 
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with each other, with the release of at least 7,500 gram 
ealoiies per pram atom. 

42. Improvement according to claim 9 in which said 
auclews is aluminum and soid coating layer nickel. 

J3. Improvement according to claim 12 in which said 
aluminum is present in amount of ubout 10-45%, based 
on the total of nickel and aluminum, 

14. Improverren according to claim 9 in which the 
nucleus and coating layers are selected from the mem- 
bers of the prow consisting of the pairs listed in Table 1. 

1§. Improvement according to claim 9 in which said 
coating Jayer consists of fine particles bound to said 
nucleus by a binder. 

16. Improvement according to claim 9 in which said 
clad powder particles arc in admixture with another flame 
spray powder. 

17. In the flame spray process in which heat-fusible 
material is heated in a heating zone to at least heat 
softened condision and propelled in said condition out of 
said rene in finely divided form onto a substrate, the im- 
provement which comprises passing the heat-fusible mate- 

rial into said zone in the form of a composite, non-cavitat- 
ing wire comprising at least two components which exo- 
thermically react with cach other at the temperatures 


developed in the heating zone, forming an intermetallic 4 


compound. 
18. Improvement according: to claim 17 in which said 


components are componcnis which exothermically react 
with cach other, with the release of at least 3,000 gram 
calorics per gram atom. 

19. Improvement according to claim 17 in which said 
componcnis are componcnis which exothermically react 
with each other, with the release of at least 7,500 gram 
calories per gram atom. 

20. Improvement according to claim 17 in which one 
of said components is aluminum and the other nickel. 

21. Improvement according to claim 20 in which said 
aluminum is present in amount of about 10-45% by 
weight, based on the total of nickel and aluminum. — 
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22. Improvement according to claim 17 in which saiJ 
components are comronent pairs selected from the group 
listed in Table I abo 

23. Improvement according to claim 17 in which said 
wire is in the form of a sheath of one component con- 
taining a powder of the other component, said sheath 
being of a component having a lower melting point than 
the other componcnt. 

24. Improvement according to claim 23 in “hich said 
sheath is an aluminum sheath and in which said core 1s 
a compacted mixture of aluminum and nickel powder. 

25. Improvement according to claim 17 in which said 
wire is a multi-strand wire with individual strands of 
said components. 

26. Improvement according to claim 1 in which the 
heat-fusible material additionally contains a metal hydride. 

27. Process according to claim 47 in «nich one of 
said components is at least partially in the form of a 
hydride. 
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2 Claims, 


This invention relatcs Lo a method of forming 
composite structures, and has particular refer- 
ence to method for spraying mixed molten metals 
or other materials, or mixturcs of molten mctals 

6 and non-metals, and the like, to form structures 
for various uscs. 

Ja copending application Serial No. 63,587 filed 
February 12, 1936, there are described a com- 
posite metal structure, and the present invention 

10 jg directed to the method of making the said 
composite metal structure. 

An example of a composite metal structure, 
which {s effcctively made in a superior form with 
the apparatus of this invention, is a copper-lead 

13 bearing Jincr, which has been made heretofore 
with indifferent and non-uniform resuiis by 
means of centrifuga! casting apparatus or by 
means of a furnace by the simuliancous quiescent 
fusion method. The principal reason that inti- 

20 mate mixtures of fincly-divided copper and Icad 
have not been readily sccured in proper propor- 

. tlons herctofore is because the lead vaporizes at 
the melting point of copper and with the former 
apparatus and methods it cannot be enmeshed in 

#3 @ copper matrix with any suitable degree ef dis- 


tribution and only in small volume before escap- . 


ing. 
fn accordance with the present invention, 
method fs provided for simultaneously melting 
% twe or more materials under pressure in a sub- 
ataniisily clcsed melting chamber at a tempcra- 
ture greatly in excess of their normal melting 
points, end then simultancously conveying them 
in this mixed, molten condition to the surface 
$5 of application in the form of @ finely-divided 
spray, by iacans of ard within a high pressure 
(ubular envelope of a gas, which sufficiently main- 
tains the mixed matcrials in their molten or 
plastic state, and which also protects the molten 
#@ metal arainst oxidation by means of an included 
neutralizing agent in the gas of the envelope, or, 
by means ef an active agent in the gas of the 
envelope, converts, reduces, or reacts with one or 
more of (12 ssctals to change its physical or 
43 chemics! structure. 

The preferred apparatus for practicing the 
method of iis invention includes a mechanism 
for continucusly and simultancously {ceding two 
or more mcials or other materials for melting to 

@ supermolicn condition under high pressure with- 
in a eubssantlally 2loscd melting chamber by 
means of 2a oxy-acctylene, oxy-butane or other 
high combustible gas fame in ths presence of 
combustion-supporting gas, and being provided 

t} with means for supplying the aforemcntioned 
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envclope gas at high pressure over the inner sur- 
face of the melting chamber and out of ao re- 
stricted orifice therein, to carry the molten inctals 
or matcrials at high pressure and velocity in a 
finely-dividcd state withia its core to the sur- 
face of application. The pressure at which the 
metals or materials are maintained during their 
molten condition precludes vaporization of the 
lower melting metals or materials, and their hich 
velocity of travel reduces the time that they re- 
main in the high'v heated state and thus aids in 
retarding vaporization of such low melting metals 
or materials. 

The plurality of metais or other materials, or 
~otals atid nonmetals, to be combincd in the ulti- 
mate cumposite structure, are preferably pro- 
vided in the form of strands, which are scpa- 
rately but simultancously fed to the meiting 
chamber at a rate detcrmincd by the degree of 
mixture desired of the plurality of materials in 
the finished structure, or in the form of a built-up 
rod or wire cf the plurality of materials, cach 
element of which has a cross-sectional area de- 
termined by the proportion of the atcrials de- 
sired in the finished structure, thi, rod or wire 
being fed into the melting chamber as a unit. 

In the first mentioned arrangement, the piu- 
rality of strands are simultaneously fed by scpa- 
rate feed rolis to the melting chamber, prefci- 
ably through separate guides, and at a rate ac- 
termined by the predetermined proportions in the 
finished pioduct. In the second arrangement, a 
single sct of feed rolls supplies the unitary, multi- 
material rod or wire to the melting chamber, 
this rod or wire compri:. ig a cored eiement hav- 
ing concentric layers ./ the diNerent materials, 
or a stranded element comprising a nilurality of 
complementary sectional strands ¢.~ aerating to 
form a circular-section unitary clement, and the 
like. The higher melting "netai or material is 
preicrably fed to the hottes. ;.rtion of the melt- 
ing chamber. For example, ia vie cored rod, 
the higher melting material forms an envciope 
for the lower melting material. 

In order that a good »ond may be procurcd 
between the surface upen which the composite 
metal is to be laid, it is usually necessary that 
the surface be first preparcd, cither by a 
“therinit” type Mux, or by heating it to bondins 
tempcrature during the spraying operation. which 
may be done with the spray or the flame issu-ns 
from the nozzle, depending upon the position of 
the surface with respect to the nozzle, or by 
separate heating means, or by both of these 
methods, 
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It will be seen that with the new method of 
(his invenfien, many materials, otherwise un- 
nifsetble in heutd state, mig be combined me- 
chantcally, and numerous nevel and woeful com. 
posite structures, having unique physteal proper- 
fies resulting from the arnrenate of the physical 
ptepertics of the individual materials, may be 
proviced, and, by a predetermined composition of 
fascous conveying envelope, one or more of the 
materials may be allered in their ultimate phys- 
feal or chemical structures. 

For 2 more complete understanding of the in- 
vention, reference may be had to the accompany- 
ine drawing, in which: 

Fisure 1 illustrates, in partial section, the pre- 
ferred apparatus for sfinultancously spraying a 
plurality of moltcn materials according to the 
method of this invention; 

Figs. 2 and 3 illustrate in perspective two forms 
of a corcd rod formed of two or more metals for 
use in the apparatus; 

Fis. 4 illustrates, in partial section, a modified 
form of the apparatus. 

Assuming that a copper-lead bearing {is to be 
made according to the present invention, a cored 
rod (0 such as is shown in Fic. 2 is prepared, 
the low melting metal, namely, lead, or an alloy 
po cdominantly lead, forming the core 12, while 
the highcr raeiting metal, namely, copper, or an 
alicy prevominantly copper, forms the tube or 
sleeve {3 enclosing the lead core {2. The cross- 
aectional area of the lead core {2 and the copper 
slecve or tube {3 are predetermined in accord- 
ance with the proportion of copper and lead de- 
sired in the finished product. For example, if 


the finished product is desired to be a mixture 
of equal parts of Jead and copper, the cross-sec- 
tional areas of the Iead core (2 and the tube or 


sleeve {3 ave precetermined accordingly. With 
this proportional arrangement of the two metals, 
the rod {0 can be fed by suitable means to the 
meiting chamber and the predetermined propor- 
tion of the lead and copper Is deposited on the 
target or other surface upon which the com- 
posite metal is to be laid. : 

In the rod ({ illustrated in Fig. 3 the lead 
core {4 is surrounded by two substantially semi- 
circular strands {5 of copper which are fed si- 
multencously with the lead core !4 so as to form 
a tube or siceve around it in the manner illus- 
trated. In this arrangement a third metal or 
material may be added simply by making one 
of the semi-circular strands {5 of such third 
metal or material. Likewise, the strands (5 
may be mede of segments less than a semi-circle 
if a fourth metal is to be included, and so on. 
Similarly, the rod may be composed of triangu- 
lar ecgments jointly forming a rod. 

As is jllustrated in Fig. 1, the rod (6 or fl 
may be conveniently fed to the melting chamber 
by a drive mechanism comprising two conical 
rolls {8 and {7, one of which, {6, is an idler, and 
the other, (1, is mounted on a shaft 18 which 
is driven from a suitable source of power pref- 
erably at constant speed. Details of a suitable 
ériving mechanism for the shaft {7 are illus- 
trated and described in copending application 
ferlal No. 756,076, filed December 5, 1934, by 
Purling A. Bleakicy. The cored rod, such as (0, 
is inserted through a guide thimble {9 which 
guides it between the feed rolls 16. Thimble (9 
is adjustable laterally so as to change the pos!- 
tion of the rod §0 with respect to the feed rolis 
(€@ and 17, whereby the rate of the feed thereof 


$8 may be varicd at will to conform to requircments. 
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Sultably secured to the housing 20 in which 
the feed rolls 16 and (7 are Jocated is a confeal 
extension 21 carrying at its outer end the spray 
head 22 containing the melting chamber 23, 
which is a substantially closed chamber having q 5 
restricted orifice 24 substantially less in diameter 
than the maximum dimension of the melting 
chamber 23 and smaller in diameter than the 
chamber 25. : 

In operating the apparatus according to the je 
method of the invention, the cored rod 10 is fed 
into guide funnel 25’, through tube 26 and inio 
the chamber 25 simultancously with the oxy. 
acetylene or other high combustible fluid mix. 
ture, the combustion of which at upwards of 13 
6000° F. progressively melts off the advancing 
end of the rod 10 within the melting chamber 
23. The copper or higher melting metal, being 
located outside of the lead or lower melting 
metal, receives the full fusing heat of the flame % 
first and the lead next, although tn actual prac 
tice there is a simultaneous meiting of the two 
metals. 

As illustrated in Fig. 4, which, althoucsh em- 
bodying a modification of the apparatus for prac- 2% 
ticing the invention, nevertheless is provided 
with the same gas supply and mixing means as 
the arrangement of Fig. 1, with the section taken 
at right angles to that of Fig. 1, the acetyiene, 
butane or other high temperature fiuid is sup- % 
plied by pipe 41, regulated by an adjustable 
needle valve 42, conducted by passage 43 to the 
opposite side of the head 22, into the center pas- 
sage of needle valve 44 through cross passage 43 
to passage 46’ leading to turbulence chamber 23. 33 
The oxygen is supplied by pipe 48, is regulated 
by needle valve 44 and flows into passace 4%’, 
where it joins the acetylene in its course to be 
thoroughly mixed in turbulence chamber 28, 
which is a plurality of diagonal passages as fl- @ 
lustrated in greater detai) in aforementioned ap- 
plication Seria] No. 756,076. 

Owing to the difference in specific gravity of 
the acetylene and oxygen which tends to make 
them separate, insuffcient oxygen is passed by 49 
valve 44 to support combustion of atl of the 
acetylene passed by valve 42, the remaincer of 
the oxygen necessary to complete combustion 
being supplied in the chamber in the manner to 
be described. The thorough oxy-cacetyiene mix. 4 
ture is maintained in bafMle chamber 29 and it is- 
sues in thoroughly mixed condition into the 
chamber 25 through a plurality of passages or 
annular space 27. 

Because the melting chamber 23 is substan- 4 
tlally a closed chamber, the pressure within it” ~ 
builds up considerably and the tcinperature 
therein js maintained substantially equal to the 
temperature of the oxy-acetylene flame, namely, 
upwards of 6000° F., at which lead and copper 
are in supermolten condiiion inasmuch as the 
lead melts at approximately 623° F., and the 
copper at approximately 192° F. The lead is 
prevented from vaporizing, p.. oatiy because 0% 
the pressure within the combustion chamber 28. 

The combustion-supporting air is suppied to 
the chamber 25 throurh passages 30 at proper 
pressure and in proper volume, determined by 
the metcring ports 31, which are drilled passases “8 
of predetermined diameter and which pass aif 
to chamber 34, to which it is supplied by passage 
33 from @ suitable source. 

Air from chamber 32 also fiows throush pt 
sages 35 in a thin film under pressure over the 3 
interior surface of the melting chamber 23, 


es 


¢ 


~ 


- 60, and mixed with the air ir 


Hereby coe ot (he nozele 3@ 50 Chat itis not hat 


ta the tench even thourh the temperature in the 
ventey OF the melting chamber Is In exces of 
AL This, aty issues at considerable velocity 


froin the orice 24 in the form of a tubular enyve- 
ans te net only comminute or atoimize and 


bee 
convey (he qaelten metals ino a finely-divided, 
mised state out of the combustion chamber 23, 


bu oo fo maintain the molten metals at a 
presure when precludes the metals, particularly 
the lead. freny vaporizing during their travel from 
the combusiion chainber 23 to the target or sur- 
face fo Which the composite metal is to be ap- 
phed, sush os a steel or other metal plate 317. 
Depends upon the character of the metals 
being dope ated, the distance of the plate 37 from 
the nov-le 36 varics from three to eighteen inches. 
The velocity of the molten metals is high and 
{he temperature thereof is preserved by the high 
pre-sure (ubular fascous envelope so that it re- 
mains plastic up to the time that it is deposited 
upon the plate 37 or up to the time that it ts de- 
posited upon a previous layer of the metal, both 
this previous layer of metal and the surface of 
the plate being heated {o a temperature such that 
the particles of the metal are welded to cach 
other and to the plate 37. The velocity with 
which the particles strike the plate 37 assists 
materially in obtaining this close bond or weld. 
Tre surface of the plate may be heated to 
bonding temperature by the molten metal spray, 
or by the flame issuing from the nozzle 24, de- 
pending upon its position with respect to the 
nez7le by separate heating means, or by a spray- 
ignitible Mux on the surface, such as aluminum 
powder or a “thermit” mixture, and the like. 
€al ammonice and other fluxes for non-{errous 
metais have been employed with success to sccure 


a geod bond between the surface and the sprayed 


metals. ‘Tinese fluxes are applied in dry or paste 
form to the surface of plate 37. The thermit 
mixtures appear to aid in rouchening the surface 
$37 upcn combustion. Also, in order to secure 
more rapid solidification of the composite mix- 
ture, the plate $7 may be made of copper or other 
rood thermal conducting material to rapidly 
dissipate the heat of the deposit metal or matc- 
ric. 

It has been found that In order to maintain the 
two metats, such as copper and lead, in their 
original state of purity, and to secure a strong, 
well-bonced structure, a volume of a third fas 
such ¢s hydrocen or a reducing gas 1s preferably 
introduced at 39, metered through metering port 
her 32 so as 
to neutrelize the oxyren in t. Ou 
velope, probab!y by combining with the oxyren. 
In fact. it has been found that the best copper- 
lend structure can be obtained on plate 37 by in- 
corporating in the air envelope a supply of hydro- 
fen in the manner deseribed. Similar 
races such eas acetylene can be added to the air 
envolepe or the entire envelope may be formed 
of a neutral fas such as mitrocen, or may con- 
stitute or imclvde a gas which reacts with the 
metals being deposited, reduces it, or otherwi:e 
changes the mechanical or physical form of the 
deposited metol The selection of the third ras 
in the air envelope or the constitution of the 
envelope is determined by the nature of the 
metals being deposited and the requirements as 
to their trertment during the time that they 
are jn the moltcn state. 

The same process {s carried out with aw cored 
rod ef the type shown in Fic. 3 whether or not 
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thi. rod cemprises two, three or mure metals. 
Althouch the proportion of the depowtted metais 
is determined in the prefe:red process of this 
Invention by properly proportioning the crows. 
sectional areas of the rod 2 and its slcive or 
jacket #3, it will be understood that the separate 
strands of different metals may be fed to the 
meiting chamber 23 at different rates by separate 
feeding means and in that way the proportions 
of the mctals in the finished product precdcter- 
mined. 

For example, as ilustrated in Fig. 4, the parts 
41 and 43 are provided with two or more pas anes 
through which wires 49 and $0, difering in com- 
position, are supplied to the chamber 25 for simul- 
tancous melting in the melting chamber 23 in 
the presence of combustion-supporting air from 
23, and for atomization, mixing and coz..uction 
to the place of deposit by the aforemen::oncd 
Gaseous envelope issuing from passage 36 and 
Mowing out of nozzle aperture 74. The wires 49 
and 50 are scparateiy fed by independent scis 
of conical {eed rolls 51 and 52, respectivel:, the 
shafts £3 and §4 which are preferably criven 
from a constant speed source. The respective 
guide thimbles 55 and 56 for the wires 4$ and 50 
are adjustable in the manner described for posi- 
tioning the wires with respect to their feed roils 
{o obtain a speed commensurate with the 
volumetric proportions of the materials ccsired 
in the finished product. 

Thus, wires of standard size but of diferent 
materials may be fed at different rates to the 
melting chamber. Also, three or more p2tscces 
mey be supplied in paris 47 and 48 for three or 
more wires, and the speed of shafts 53 and 54 
may be varied instead of employing the con:cil 
feed rolls 54, §2 with adjustable thimbies 55, 56. 
Wires of different compositions may be twisted 
torether into a cable, or otherwise bound to- 
gether, preferabiy with the higher melting mate- 
rials outside, and the cable fed to the meiiing 
chamber. 

The composite structure 44 of copper arad icad 
on a base 37 may be shaped into a bearing, with 
the base 31 shaped into a sleeve and the coprer- 
lead structure 61 into the liner. Other siruc- 
tures have differenvu uses, depending upon their 
compositions and physica] or chemical properiies 
The texture and thickness of the deposit 41 is 
detcrmined by the distance of the surface 31 
froin the nozzle opening 24, the matcria!s being 
deposited, the composition of the gas envelope 
and the rate of relative movement between the 
nozzie and the plate 37. The plate 37 miy*bo 
moved reiatively to the apparatus as ind: 
by the arrow in Fig. 1, or the apparatus mci; 
mounted on a pivot, in guides, or on rans for 
mnovement relativeiy to the work. The thickness 
of the structure 44 may be increased by con cd 
application of the spray or by numerous passages 
theresf back and forth. 

Althouth several preferred apparatus for 
practicing the method of this invenrion have beun 
illustrated and described herein, it is to be un- 
derstood that the invent‘on Is not limited thercny, 
but is susceptibie of changes in form and cc‘ail 
within its scope. 
eertain maicrials, principally metals, have bocn 
mentioned as miscible according to the Inethod 
of this invention, it !s to be understood that tic 
method may be employed for mixing metals and 
non-metals which melt, become plastic, or com- 
minute or alomize In unmolicn form, and th 
like, such as cements, graphite or carbon ccm- 


Furthermore, althouch ony” 
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petinh.. gins, porcelain, sulphur, ete., any one 
orinere of which may be mixed with nichcl, cop- 
per, sec ete. it being only necessary to prope my 
operon (iam and artanrve them so that they 
eon be fed to the melting space in the manner 
adeserihed, 

T claim: 

1. ‘Yhe method of fermine a composite «true. 
tine af at Joust two different metals, one of which 
nommaly vaporizes at the melting point of the 
other metal, which comprises supplying’ the 
metals to a melting chamber for joint melting 
therein, melting said metals in said chamber 
while taaintaining therein a superatmospneric 
pressure sunicient to prevent vaporization of 
such metals and conveying said metals from sald 
chamber and maintaining them under a pres- 
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sure prechacing vaporization therras Gasine tic iz 
travel from the meiting chamber to tue place of 
Ccoposit, 

2. The method of formina a compe. its ttrus. 
ture of at least two different inctsi:, one of 
which normally vaporizes at the mettin paint of 
the other metal, which comprises : 
metals to a inelting zone for joint me! ' 
in, melting said metals In said zone while mitine 
tainin,; therein a superatmo:pheric preature pre. 
venting vaporization of said metais and convey. 
ing the fused metals simultancousl; cut of the 
melting zone to the place of deposit with a 
Gaseous Carrer stream under a pressure preciud. 
ing vaporization thereof, 
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4Claims. (Cl. Wh—22) 


This invention relates to metal compositions 
and articles made therefrom. 

An obiect {s to improve metal powder compo- 
sitions, ‘ 

Another object of the invention is to fmprove 
powder metal bodies such as electric contacts, 


weldine eieclrodes, weiding dies, current carry- ° 


ine bearins:s or bushings, valve scats and the like. 

Other ahiects of the tnyention will be apparent 
from the description and elaims. 

The present invention contemplates a metal 
composition made from refractory metal pow- 
ders, particularly tungsten and molybdenum, 
which are fodividually coated with protective 
layers of n pafladinm-pl:tinum group metal such 
as platinam, palladium or rhodiuwn and are 
bonded torether In a metal composition with a 
metal frem the first group of the nerlodic table 
auch ns copper, silver er gold. 

The tefractory powder may vary In average 
Mameter between 0.5 and 100 microns prior to 
conling and the coating of protective metal such 
as plithiiim, palladium or rhodium may vary 
in thickness from a fraction of » micron to scy- 
etal (heusandths of an ineh. Thus the relative 
percentare: of refractory metal or compound and 
protective metals in the coated powders used for 
producing: the metal composition of the present 
Invention may {alt within the following range 


af proportions: 

Percent 
Refractory mela)... 99.99 to 10 
Palindlum-platinum rroup metal.... 0.01 to 90 


The conted powders are interspersed and 
bonded with the second rroun metal and the re- 
sulling compositions many fall within the follow- 
ina rance: 


Percent 

Costed tunssten or molyhdenum pow- 
OR a a § to 99 
Capper, silver or gold... Balance 


This rance may be divided into two reneral 
Classes of materials, namely: 


Predominantly refractory compositions contain- 
ing-— 


Pereent 
Conted refractory powders... _ £0 to 99 
Copprr. sitver or aold___ . y Balonec 


Predointiontiy flow melling point metal campo- 
sitions conatoining— 


Perecut 
Cort ct refractory powders........ § to 49.9 
Capp : silver or raid Tiatanece 
Fothew it mre several examples of suitable 
metal com) ttions: 

Pereent 

fad Bieivoe onum particles coated with rho- 
MUN 55. = vee ‘ie dcubeoie ac ae 
Salve, pe 5a ds re ceeds de eaeecaal 50 


10 


16 


20 


25 
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(Bb) Molyhder::m particles coated with rho- 


IN ooo Soc cbio eos weeccecucene = 60 
ON 40 
(ec) Tungsten particles coated with rho-— : 
ON 
EE 35 
(d) Tungsten partictes coated with rho- 
CHU ns oo ee oon OO 
OE aio os es esc. sie 
fe) Tunrsten.coated with rhodium... 22. - 80 
CUVEE oe ee 20 
{f) Molyhdcnum particles coated with plati- 
num and/or palladium. ............ 60 
SSVCE oan TESTE iy. n0 PRSASL ID Fae O UR Weel $9 
(9) Molybdenum particles coated with plati- 
num and/or palladium.......222 2k 60 
OR ye ye ea Reece i 40 
: (h) Tunesten particles coated with platinum 
BNA/OF PANAGHM A une 6S 
| kanal et Hel ps OER pas SOULS enue 35 
(i) Tungsten particles coated with platinum 
Salfor PANN 60 
a Teast 60 
'f) Tungsten coated with platinum and/or. 
AMMO oe 86 
BUCCP oie pees sa ee 
(v) Tungsten coated with platinum and/or ' 
palladium or rhodium_......0. 2 -___- 4§ 
ol) Wii eee AN gu ED etSa ee pe ne DEUCE 85. 
Qo) Tungsten coated with platinum and/or 
pailadium or rhodium _.....22 2 2. 10 
OE on 30 
(z) Tungsten coated with platinum and/or 
palladium or rhodium.._........ .___ 50 
CMROET ooo pe ce a mei la dled 60 


40. 


45 


60 
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The protective coating of rhodium, platinum 
or palladium may be applied by any one of several ' 
methods stich as electroplating, cathode sput-- 
tering, metal spraying. condensing evaporated’ 
metal on the particle surfaces, chemical depost- 
tion. They may also be coated by first coating 
the powders with n dispersible adhesive, then 
dusting the adhesive enated particles with the 
protective metals in powder form and subse-' 
quent!> heating the conted powders to disnperse> 
the odhesive and diffusing the protective metal 
cato the surfaces of the refractory powders It 
Is tisa possible to use a metal paste as a coating 
medlim 

The metal compositions of the present inven- 
tlon may be made trom the coated particle: in’ 
severe] ways. The coated refractory pariicics, 
or a mixtture of them. may be pressed to form A 
powder compact atl the compact then sintered 
at a suitabie temperature euch as 1200° C. ta form 
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a sinter-bonded metal bedy, This body J: then 
Impreenated with silver, copper or pokt or any 
alley of two or more ef thear, by placing the first 
ren metal in contact willy the sintered cam- 
pact and heating the assembly ina reducing at- 
mosphere to a temperate nhove the meiting 
point of the lower melting metal so thet it will 
few into the percs of the sintered body and nu 
them, 

‘The metal composition niay also be produced by 
mixing the coated particles dircetly with powders 
of copper, silver or gold, or mixtures of these, 
prestins the mixcd powders and then sintering 
the pressed mixture at o sullable temperature 
such 3 950" C. to produce the finished composi- 
tien. If desired, subsequent repsessing or coin- 
fun operations may be applicd to further inercase 
the density and improve the physical character- 
istics of the composition. 

A third method of manufacture compriscs 2 
combination of the above two methods. Accord- 
ine to this method, 2 portion of the copper, silver 
or rold In the form of n powder fs mixed with the 
enated refractory powders and the mixture 
pressed in a suitable die. The pressed body ts 
then sintered at a temperature to cause binding, 
ktich ns 1250" C. Additional amounts of copper, 
silver or gold are then placed in contact with the 
sintered body and the assembly heated to a tem- 
perature above the lower melting point metal to 
cause imprernnation. a 

During the sintering operation, according to 
any of the above methods, the proteptive layers 
of platinum, palladium or madi Wo the re- 
iractory metal particles diffuse ‘into t refrac- 
tory material to a greater or lesser ex mnt, form- 
ine alloys or compositions at the surfades of the 
paritcles. These surface Invers are considerably 
more noble in character a3 fnr n3 oxidation fs 
concerned thaa the refractory particles them- 
selves. The derree of diffuston of the protective 
metal will depend upon the time and tempera- 
ture of the sintering process. It is also contem- 
plated that in some cass the coated powders 
may be pre-sintered in the loose state to accom- 
plish diffusion before the powders are used in 
manufacturing the mctal composition. 

An advantage of the present composition and 
process resides in the affinity between the first 
rroup metals such as copper, silver and gold end 
the protcctive metals such as palladium, plati- 
num or rhodium. Stnce the first group metals 
have a tendency to alloy with the protective layers 
they are rendily drawn into any pores or spaces 
In the metal compact resulting In a denser and 
more nearly perfect and homogencous mctal 
structure. The alloying also produces o strong 
bond between the various mctal phases present. 

In some cases additions of small proportions of 
other inzredicnts may be inade to the compos!- 
(ions. For instance. from a fraction of a per 
cent to 10% of carbon or boron may be added to 
the mixture. The carbon fs preferably in the 
form of graphite. 

Such elements as nickel, cobalt, fron, man- 
nanece or silicon may he added in proportions 
remcina from a fraction of 1% to 30%. These 
have the effect of Increaring the hardness, wear 
resistance and tensile strength of the composi- 
torts 

Onc Important use of the metal compositions 

rae none omvention ts in eleelrc contacts, 
Bhetric contacts have heretofore been produced 
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of compositions of refractory metals ond com. 
pounds with silver and capper in varinns proper. 
tions. Llowever, such compesition: hare de. 
veloped reintively hieh contact resictoences bh - 
txeen the contectiog surfaces and have e:- 
hibited q substantial temperature rise when sith 

jected to continnous operation, The use of a pro. 
teclive metal coating from the patlaim-pluty. 
num froup on the refractory partich : redhires 
the contact resistance considerably and produces 
a contact much fers subject to overhentine. 

Ty using contacts formed of the composi- 
tions described on one or both sides of a contact 
pair, sticking and hich contact resistance can be 
eliminated In most cascs. , 

Refractory compasitions of the present inven- 
tien which are particularly suitable for coopera- 
tion with cadmium oxide contacts of the type 
described In Hensel Patent 2,145,690 are coaird 
molybdcnum particles with silver, and coalrd 
tunrsten with sliver. 

While specific embodiments of the Inventien 
have been described, it is intended te cover the 


‘invention broadly within the spirit and scopr. 


of the appended claims. 

What is claimed is: 
1. A metal composition formed of particics of . 
refractory metal sciccted from the group con- 
sisting of tungsten and molybdenum, and a conl- 
ing therron of metal selected from the group 
consisting of palladium, platinum and rhodium 
and mctal selected from the first group of the 
tedic Tabie consisting of copper. silver and 
interspersed with and bonded to said coated 

ticles. 
2. A metal composition formed of particles of 
refractory metal selected from the group consist- 
g of tungsten and molybdcnum, and a coating 
thercon of metal sclcctcd from the group cor- 
sisting of palladium, platinum and rhodium and 
metal selected from the first group of the 
Periodic Table consisting of copper, silver and 
gold interspersed with and bonded to said coated 
purticles, sald coated particles being formed of 
99.99% to 10% of said refractory metal and 
01% to 90% of said coating metal, the coated 
particles forming 5 to 99% of said composition 
and said first group metal forming the balance. 
3. An electric contact formed of a metal com- 
position composed of particles of refractory metal 
sciected from the group consisting of tungsten 
and molybdenum, and a coating on said par- 
ticles of metal selected from the group consistin2 
of palladium, platinum and rhodiwn and metal 
selected from the first group of the Periodic 
Table consisting of coppcr, silver and coid intrr- 
spcrsed with and bondcd to sald coatcd particics. 
4. An electric contact formed of a metal com-: 
position composed of particles of refractory metal 
‘ected from the group consisting of tungsten 
nolybdenum, and n coating on sald particies 
.. Meiai selected from the group consisting of 
palindium, platinum end rbedium and metal s¢-- 
lected from the first group of the Periodic Ts: dle. 
consisting of copper, silver and gold intersper.cd 
with and bonded to said conted particles, said 
conted particies being formed of 99.99% to 10% 
of said refractory metal and .01 to 99% of anid 
conting metal, the corted particics formin: 
5 to 09% of said composition and said first grou) 
metal forming the balance. 
PRANZ R. HENSEL. 
EARL I. LARSEN, 
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The inveation disclosed in this application relates in 
general to costings for metals, and more particularly to 
procesics for forming such coatings and for adhering 
such coatings to th: metals to be coated; to articles 
comprising metsls provided with such coatings, and to 
compositicns ef matter useful as such metal coatings. 
The embodincats of our invention disclosed in illustra- 
tion thercef are particularly uscful as coatings for with- 
standing hich tecraperatures and protecting the coated 
metals at thes: fcmperatures; and the methods disclosed 
in iNustration ef our invention are particularly useful in 
forming. such coatings and compositions, and in adhering 
such coatings and compositions to metals. 

One of the odjccts of our invention is the provision of 
a new coating for metals which is not only resistant to 
high temperatures but also resistant to oxidation and is 
at the came time a thermal insulating coating. 

A further object of our invention is the development 
of processes for forming such coatings and for adhering 
such coatings to the metal to be coated. 

A further ebject of our invention is the provision of 
an article comprising a metal, having alloyed or sinter- 
bonded thereto. both a refractory and a heat and cor- 
rosion protective coating consisting a sinter-bonded 
mixture of a metal or alloy and a ceramic component 
which may be. for example, a metal oxide. 

Another object of our invention is the production of 
a new material or composition of matter with a com- 
bination of properties making it superior as a protective 
coating for metal (especially at high temperatures) to all 
contines of the prior art, including the glass-type cnamels. 

Further objects and features of our invention will be 
apparent from the reading of the following specifica- 
tion and claims. 

We have designated our compositions of matter as 
“Cermets” inasmuch as they consist of a bonded mix- 
ture of extremely small particles of a ceramic material, 
such as a nictal oxide, and small particles of a metal or 
metal alloy. 

The compositions of matter, useful as coatings, with 
which we are primarily concerned herein are therefore 
bonded mixtures of small particles of ccramic materials 
and small perticles of metals or alloys, One example of 
auch a cermet coating is a composition consisting of a 
mixture of powdered nickel metal and powdered mogne- 
stom oxide Cmagnesial. “The magnesia is preferably the 
electrically fused varicty which has the greatest density 
vad thercfore a ininimum shrinkage. ‘The mixture of 
nickel and magnesia can be pressed into compacts of 
briqucttes and sintered to agglomerate and sinter-bond 
the components by a wetting reaction and solid solution 
between the metal and the ceramic component through 
the media of a limited oxide film formed on the nickel 
particles. Then the composition can be further prepared 
by crushing the compacts and screening the powder pre- 
paratory to flame-spraying. The coating ps is 
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or other metal parts, by fame-spraying with an onxy- 
acetylene powder gun. 

Alternatively, the raw and unsintercd mixed powder, 
alonc; the sintered and rround powder alone; or a mixture 
of raw powder and sintcred powder, may be applied to 
the metal part to be coated, hy a different process. For 
example, the coating in one of these forms, may be initial- 
ly adhered by cold application using a fluid vehicle such 
as a solution of sodium silicate in water, by any of the 
coating methods known to the art and commonly em- 
ployed for th: application of cnamels, lacquers or paints. 
After drying the coating so initially applied. the co:ting 
may be torched with an oxyacetylene torch flame to 
urrlomerate and sinter-bond the materials of which the 
coating is composed to cach other and to the metal part, 
and preferably to alloy the metal or alloy component of 
the coating to the metal part being coated. ‘The same 
results may be obtained by furnace sinterins. 

When the mild stcels are to be coated by cold applica- 
tion of the coating, as described above, which application 
is to be followed by torching or furnace sintering. it has 
been found that the application of an undcrcoat of flam: 
sprayed or clectroplated nickel, or other oxidation re- 
sistant metal, onto the mild steel promotes better ad- 
herence because it inhibits the development of an oxide 
film on the mild stecl at the interface between the steel 
and the coating. during the drying and subsequent torch- 
ing or furnace sintering operation. ‘ 

We prefer very much that the surface to be coated 
should be sand-blasted before applying the coating. 

Of the many metals which are suitable for use in our 
process, we prefer nickel. cobalt, aluminum, and iron, 
or alloys of these metals. By listing only four metals we 
do not limit ourselves thercto. By the term “alloys of 
these metals” we do not intend to limit ourselves to inter 
alloys of the four metals mentioncd. hut we include 
alloys of any of these four or any other suitable metals 
with any of the others or with any suitable metal such 
as. for example. with chromium. columbium, tantalum, 
titanium. tungsten or zirconium. By “mets” we in- 
clude any suitable metals or any suitable alloy of such 
metals and we so define the words “metal” and “metals” 
as used hercinafter in this specification and in the claims. 
Of the many metal oxides we prefer alumina. beryllia, 
magnesia, silica, and zirconia. We do not. however, wish 
to limit ourselves to the five oxides mentioncd. We 
have tested more thoroughly than other coatings. those 
consisting of mixtures of magnesia and nickel. Of course, 
metals (e. g., chromium) other than thosz listed above, 
are also useful. and oxides and even other simiiar com- 
pounds (c. g., silicon carbide) other than the ones listed 
may also be useful as ceramics in our process of pre- 
paring coatings as also may be mixtures of suitabl: 
oxides. However, we prefer zirconia or magnesia as a 
ceramic component. The degree of usefulness of a given 
coating varies with the metal ond ceramic Coniporent 
sclected—ard with the metal to be coaicd. The degree 
of usefulness varies in fact to a large extent depending 
on the degree with which the metal and the ceramic cor- 
ponent selected, wet each other and in turn wel oF alloy 
with the metal te be coated. ‘Th: usefulics abe varies 
with the temperstite ty which the caating is subjected in 
vse. The greater the degree of wetting of acclower tina 
there is, the greater is the usefulness of the combinetion, 
provided the combination will alvo alloy v ith the metal 
to be coated, and is sufficiently refractory for a given 
service. 

We have found that when we sinter-bond « mixture cf 
fine particles of a metal and a ceramic component 9 a 
metal sheet, for example, we can produce a coating which 
will withstand much higher temperatures than have been 

revious); ble with any coatings Laowa ia the priot 
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art and even hicher than the temperatures which can be Direct flame-spraying of presinicred powder, tegand- 
withstexal by the mictal itself. At the same time the less of the character of the coripen:nts. is the preferred 
coating protects the sheet fram oxidation and corrosion, method of applying the coating wherever ihe dimensions 
provides semnic thermal insulation, i. ¢. reduces the of the part to be cuated with permit. tn sich pracsess the 
density of heat transfer, and increases the nermal tem- §& presintered and grovnd powder is sprayed throwch «torch 
: d unheated flame as for example an oxyacetylene torch, in such 


periiure differential between the heated an , ctyle 
surfaces. manner that the heated particles impiace on the surface 


In sintcr-bonding oF alloying the coating to the metal “being coated. For good adherence of the Nume-sprayed 
le size of the presiniered powder, the angle of incidence should be as near 99° as 
ent and Sagperramic 10 passible, although good adacrence can be sbtained sith as 
low an angle at 45°. There are often situations, how- 

tremely small particles. The size of such particl:s is not ever, where the dimensions of the part to bs coates on its 
critical. but for flame spraying. the material should be less inner surface will neither permit the entrance of the gun 
than 228 mesh for the presintering operation and ihen with the necessary clearance for flame-«praying, nor per- 
aficr presintcring. ground and screencd to provide pat- 6 mit spraying the interior at an advantazcous angle from a 
ticles having a size of less than 100 mesh (149 microns) position outside the part. In such cases, cither for the 
and greater than 325 mesh (44 microns), the screens used yeason just explained, for reasons of cost or practicability 
being U. S. Standard brass sieves. The material for cold in building up thicker coats, or for adsptation to produs- 
application should be less than 325 mesh (44 microns tion line processing, we have recourse to the cold method 
20 of application of the coating, as described above, followed 


and fincr). ; f 
Then we adhere the mixture by flame-spraying or torch- by torching with an oxyacetylene torch flame or by 


ing. In flame-spraying the material passes through the furnace sintering. 
flame. In heating particles of such size to the tempera- So far as we know, we are the first to produce refrac- 


tures Miained by them in flame-spraying. the metal par- tory, protective, thermal insulating, 2nd hard surface 
ticles handed to the ceramic component of the presintered 28 coatings for metals, said coatings consisting of a mixture 
powder, reach, we believe, the plastic or tacky stage in the of a metal or alloy powder (or flake) and a ceramic oF 
ovyacetylene flame, while in torching a mixed sintered non-metal powder. Adherence of the coating to the metal 
and unsintered powder. it appears that in many cases & part to be coated is achieved, we belicve, by an alloying 
film of the oxide of the metal component forms on the reaction between the metal of the coating and the metal 


surface of the metal or alloy componcnt and this metal i i 


to ke costed, we reduce the partic 


comport comprising the cold coating miatire, lo CX 


ee 


30 base. However, certain coating compositions will not 
oxide film gocs into solid solution with the ccramic com- alloy with certain metal bases and in such cases a purely 
ponent. In other cases we belicve that there is a sinter- mechanical adherence Is achieved which is useful for 
honded agglomeration only, without wetting or solid applications where the part is not subject to thermal 
solution. Although the temperatures used are not neces- cycling. : : 
sarily critical for all mixtures, the optimum temperature 35 —- This type of refractory coating has been developed par- 
being dependent on the components, yet we prefer usually ticularly for service in a temperature range above that in 
lo sinter at temperatures within ranges producing the which the glass-type enamel ground ceats, and th: giass- 
conditions above referred to. ; bonded refractory cover coats for enamels are useful. 

In tonding the particles to cach other and to the metal The plastic stage of the most refractory high temperature 
ta be coated, we use 2 variety of methods. We may flame- 40 enamels is still below the plastic staze of the metals lo 
spray the presintered and ground mixture of metal com- which they can be applied. Also, enamels which can be 
ponent and ceramic component particles onto the surface applied at temperatures even as hich as from 2300° to 
fe be coated. In so flame-spraying, We use & commercial 2350° do not have an effective life even at temperatures 
“Powder-weld” oxyacetylene powder gun. In the case of of from 1800° F. to 2000° F. : 
this oxyacetylene powder gun OF other similar types of 45 . The proportion of metal or alloy to ceramic material 
high temperature torch guns, the flame may be surrounded in the cermet coating depends ta some extent on the ma- 
pith ncutral nitrogen gas. terials. However, we prefer to use compositions within 
g Alternatively, we may make an application of (1) pre- the range of a mixture having 25% metal and 18% 
sintered and ground coating alone, (2) a raw mixture of — material to a mixture having 75% metal and 
metal component and ceramic component particles, or 60 25% ceramic material. One very satisfactory composi- 
(3) a combination of (1) and (2), by using a fluid vehicle, tion consists of 66.7% ground nickel and 33.35 round 
and spraying. brushing, dipping, or applying by any other electrically fused magnesia (both percentases by weight). 
waual means, and after drying, either torch the coating Following are specific examples of the practice of 
with an oxyacctylenc torch flame to sinter-bond the ma- various embodiments of our inventions. 


terials of the coating and alloy or sinter-bond the coating 56 ~ Ex l 

to the metal part being coated, or accomplish the same ample : 

results by furnace sintering. Following is a description of our preferred method of 
In preparing the mixture of fine metal or alloy and preparing nickel-magnesia coating #10 for flame-spray 

ceramic component particles, we may grind the maicrials ing: and @ description of the spraying technique. 


separately then mix them together prior to presinicring in 60 = We obtained commercial electrically fused magnesia 
the form of » compact, or prior to applying them raw of the fineness of 325 mesh and finer (approx. less thar 
and unsintered as a coating. For flame-spraying, which 44 microns) and commercial nicke! metal of the sami 
js our preferred method of application, we presinter the: fineness. We mixed together 200 grams (33.350) mag 
minature. To do so we grind the matcrials and mix then nesia and 400 grams (66.7%) nickel, by dry grindin 
together and then form them into a briquette or compact 65 together for 30 minutes in a stecl ball mill with stee 
by pressing (or otherwise) and sinter by heating the balls. After mixing, the powder was moistened wit! 
briquett:. of compacts in a furnace, to a temperaiuic 8% water containing a small amount of an organi 
which will agglomerate and/or sinter-bond the compo- binder (such as for example a starch suspension). | 
rent. An oxidizing, neutral, or reducing utmophere may wes then pressed into compacts in a steel die, usin 
be used in the furnace depending on the composition and 70 approximately 12,000 p. s. i, After drying at 250° F 
on whether or not a passivated skin is formed on the com- the. compacts were introduced into » Globar fursac 
pacts. After sintering the compacts or briqucttes, they with normal oxidizing atmosphere, which had previou 
are crushed to 3 fine powder of the order of less than 100 ly been brought to the temperature of 2550° 

mesh (149 microns and finer) and greater than 325 mesh sintered i 
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crushed, the material was passed throurh a dise pulver- 
ser, and screened ina Retap machine using U.S. Stand- 
ned screens 100 mesh and Vemesh. The fraction which 
passed the 100 mesh screen but was retained on the 
AIS mesh screen, was used for fame-spraying by means 
of a “Powder weld” oxyacetylene flame powder pum. 

The metal surface to be Hame-sprayed was cleaned and 
roughened by prit: Wasting using a sharp und fairly 
coarse silica sam of silicon-carbide grit. ‘The canting 
was applicd by the same technique as used for flame- 
spraying metal powders, which is well known to the art. 
The coating is accomplished without undue heating of 
the target (the metal part being coated). The tempera- 
ture attained by the target is controlled by the distance 
from the gun to the target. Just enough heat is used 
to alloy a given coating to a given metal base. 


Example ll 


As described in the specification, a cermct coating 
may be initially adhered to the metal part to be coatcd, 
by cold application in any onc of three forms: (1) pre- 
sintered and ground powder alone, (2) raw and un- 
sintered mixed powders alonc, or (3) a mixture of pre- 
sintered powder and raw (unsintered) mixed powders. 

Following is a description of our preferred method of 
preparing nickel-magnesia coating #10 for cold applica- 
tion, using a mixture of presintered powder and raw 
powder; and a description of the technique of applica- 
lion. We obtained commercial electrically fused mag- 
nesia of the fineness of 325 mesh and finer (approx. less 
than 44 microns) and commercial nickel metal of the 
same fineness. In addition we obtained by the process 
described under Example J, presintercd #10 Ni-MsO 
coaiing material of the fineness of 325 mesh and finer. 
We mixed together 100 grams (16.7% } magacsia. 200 
grams (33.3%) nickel and 300 grams (50.0%) pre- 
sintered material of Example I, by dry grinding together 
for 20 minutes in a steel ball mill with steel balls. After 
mixing. the powder was brought to the consistency of a 
Murry by stirring with a 30° sodium silicate solution 
and then brushed on the article to be coated, the surface 
of which had been cleaned and roughened by sandblast- 
ing. The coating. so applicd, was dricd by infra-red 
radiation and finally in a conventional drier at 230° }. 
We then matured the coating through agglomeration and 
sinter-bonding, and alloyed it to the metal part being 
coated by torching the coated surface with an oxyaccty- 
lene torch flame within the range 2100° F. to about 
2500° F. Alternatively, this coating, as here described, 
has been initially applied by spraying instead of brush- 
ing, using @ conventional glaze or cnamel gun. 


Example ill 


Following is a description of the preparation of one 
composition of our aluminum-alumina coating for flame- 
spraying. 

We obtained commercial calcined alumina reduced to 
particle size of about 44 microns and finer, and com- 
mercial aluminum flake reduced to a thickness of about 
§ milli-microns. We miacd together 150 grams (50% ) 
alumina and 150 grams (50% ) aluminum in a porcelain 
mortar. After mixing, the material was dampened with 
10S water containing a small amount of organic binder 
and pressed into compacts, using approximately 1200 
p.s.i. These were dried slowly to 600° F. and sintered 
by placing in a furnace having a normal oxidizing atmoy- 
phere which had previously becn brought to a tempera- 
ture of 2500° F., and then soaking the compacts in this 
furnace for & minutcs to agglomerate and sinter-boad 
the components. In sintering these compacts as here de- 
seribed, a tight and passivated skin of aluminum oxidc 
forms on all surfaces of the compact, leaving the metal 
content of the interior in the metallic state. The com- 
pacts were then crushed, ground, and screened as de- 
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the 100 mesh serecn but was retained on the 325 mesh 
screen, was used for flame-spraying at described under 
Example 1. 

Eramele IV 


Vollowing is a description of our prefered methed 
of preparing nickel-vincunia coating for flLamve-spraying. 

We obtained commercial fused, Mabilized zirconia of 
the fineness of 325 mesh and finer (appro. less than 
44 microns) and commercial nickel metal of the same 
fineness. We mixcd togcther 200 grams (33.3%) zir- 
conia and 400 grams (66.7%) nickel, by dry srinding 
together for 30 minutes in a steel ball mill with steel 
balls. After mixing, the powder was moistened with 
8% water containing & small amount of temporary 
binder: It was then pressed into compacts in a steel die. 
using approximatcly 12,000 p. s. i. After drying at 
250° F., the compacts were sintered by placing in a 
furnace having a normal oxidizing atmosphere and 
which had previously been brought to a temperature of 
2550° F., and then soaking the compacts in this furnace 
for 30 minutes to agglomerate and sinter-rond the com- 
ponents. The compacts were then crushed, ground, and 
screened as described under Example 1. The portion 
which passed the 100 mesh sercen but was retained in 
the 325 mesh screen, was used for flame-spraying as de- 
scribed under Example I. 


Example V 


Following is a description of our preferred method 
of preparing cobalt-magnesia coating for flame-spraying. 

We obtained commercial clectrically fused magnesia 
of the fineness of 325 mesh and finer (approx. less than 
44 microns) and commercial cobalt metal of the same 
fineness. We mixed together 200 grams €33.3%¢) mag- 
nesia and 400 grams (66.7% ) cobalt, by dry grind.ng 
together for 30 minutes in a steel ball mill with steel 
balls. After mixing, the powder was moistened vith 
8% water containing a small amount of temporery 
binder. It was then pressed into compacts in a steel 
dic, using approximately 12.000 p. s. i. After drying 
at 250° F., the compacts were sintered is placiag in a 
furnace having a normal oxidizing atmo-phere which 
had previously been brought to a temper.sure of 2550° 
F., and then soaking the compacts in this furnace for 
20 minutes to agglomerate and sinter-bond the een: 
ponents. The compacts were then crushed, ground. and 
screened as described under Example |. The portion 
which passed the 100 mesh screen but was retained on 
the 325 mesh screcn, was used for flame-spraying as de- 
scribed under Example I. 

In addition mixtures of nickel and zirconia and mix- 
tures of cobalt and magnesia have each been used s¢p- 
atatcly to form nickel-zirconia or cobali-magnesia coat- 
ings by cold application in a manner analogous to that 
described under Example Il. 

“It is to be understood that the above described em- 
bodiments of our invention are for the purpose of illus- 
tration only and various changes may be made without © 
departing from the spirit and scope of our invention. 

We claim: , 

1. A process of plating a. metal surface whica com- 
prises forming small particles of metal selected from 
the group consisting of aluminum. iron, nickel and co- 
balt, forming small particles of a metal onid: selected 
from the group consisting of alumina. magnesia and 
zirconia, mixing the metal and the metal oxide particles 
together, sintering said mixture, reducing the sintered 
mixture to particles of powder of extremely small size. 
and flame-spraying the mixcd sintered particles on the 
surface to be coated and thereby heating said particies 
of powder to a sintering temperature of at least approsi- 
mately 2100° F. 

2. A method of forming a heat resisting coating for 
a metal surface in which fine particles of metal selected 

‘om the group consisting of aluminum, iron, nickel and 
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cobalt and fine particles of a miectal oxide selected fram 
the proup consisting, of shimina, marnesia and zirconia 
are proud to size of less than 40 microns, formed as a 
minting inte a compact mass, sintered, rerround to an 
averaee sive of about 40-150 microns, and flame-sprayed 
onte the mctal surface to heat said sintered and reground 
mistire to a sintering temperature of at least approxi- 
matcly 2100° F. in the order stated. 

3. A prowess of coating a metal article which com- 
prises formins a misture of fine particles of a metal 
selected from the group consisting of aluminum, iron, 
nickel and cobalt and of a metal oxide selected from 
the croup consiming of alumina, magnesia and zirconia, 
sintering said mixture, reducing the sintered article to 
particles of powder of extremely small size and flame- 
spraying the powder onto the surface of the article by 


10 


16 


. 
an otyacetylene flame with a sheath of neutral pas ane. 
rounding the ovyacctylene flame to heat the particles of 
powder to a sintering temperature’ of at least approvi- 
matcly 2100° I. 
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This Invention relates to a method of producing com- 
posite metal powders. The method is particularly di- 
rected to producing fincly divided composite metal par- 
ticles comprised of two or more metals having different 
chemical and/or physical properties by dispersing, in 
solid form, particles of one or more metals of interest as 
nuclei in ap ammoniatcd solution in which another metal 
of interest having different chemical and/or physical 
properties is present as a soluble salt, and precipitating 
the latier metal from the solotion by gas reduction to 
form composite metal particles in which the dispersed 
metal particles are coated by the precipitated metal. 

The use of composite metal powders having different 
chemical and/or physical properties is well known tnd 
they are widely used in industry as such or in the form 
of compacts, particularly in powder metallurgy. Com- 

ite metal powders are used, for example, in alloying 

the manufacture of special metal parts, especially 
small metal parts which cannot be manufactured satis- 
factorily, convenicntly, or economically by conventional 
melting and casting methods. Also, composite powders 
ia which one metal is coated with a film or coating of a 
metal having diflerent physical and/or chemical prop- 
qrties are well known and are in widespread use, also in 
the powder metal industry. Also well known and of 
increasing importance in the latter industry are pre- 
alloyee powders in which two or more metals are mixed 
on an atomic rather than on a macroscopic scale, 

Heretofore, composite metal powders have been pro- 
duced by spraying or sputicring the metals of interest at 
& temperature above the melting temperature and/or by 
mechanical attrition and/or by mechanically mixing 
powders picpared separately, Production of metal 
powder by spraying is restricicd to metals having low 
melting temperatures and the size of the resulting par- 
ticles varics over a wide range. Mcchanical attrition is 
slow, costly, and Involves the use of fine grinding ap- 
paratus such as rod mills, plates, and ball mills, all of 
which require special, costly grinding media and/or lin- 
pe In addition, such methods have the further dis- 

antage in that they tend to contaminate the purity 
of the resulting product with particles of the grinding 
media or of the lining and there is a real danger of 
oxidation during the comminuting treatments. 

We have found that problems heretofore attendant 
with the production of composite powders can be over- 
tome very ecatily and very inexpensively. In its simplest 
form, the method of the present invention contemplates 
the dispersion, in solid form, of particles of a meta!, or 
of two or more metals, in an ammoniated solution which 
contains, in solution, a solubic salt of a metal which 
ean be precipiinied from the solutio: »s a metal powder 
by reaction with a reducing gas at cievated temperature 
am\ pressure. The mixture of dispersed and precipitated 
metal particles is agitated sufficiently to hold the dis- 
persed mcial particles in suspension in the solution. Phe 
teinperature of the mixture is increased to and main- 
tyined at that temperature at which optimum reduction 
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is obtained and reducing gas is fed into the reaction 
vessel at a rate sufficient to establish and maintain the 
partial pressure of reducing gas at which reduction pro- 
eceds satisfactorily. The reducing reaction is continued 
until the dissolved metal salt content of the solution his 
been reduced to and precipitated as metal powder to the 
desired cxient. The resulting product, in the form of 
on intimate association of metal particles having different 
chemical and/or physical propertics is separated from 
the solution, such as by filtering. It is washed and dried 
and is then in ideal condition for use as such or as & 
compact prepared by conventional methods. 

Tho term “dispersed metal" used herein is intended 
to include particles of one or more metals of the group 
copper, silver, gold, beryllium, zinc, cadmium, boron, 
aluminum, indium, titanium, germanium, zirconium, tin, 
hafnium, lead, vanadium, niobium, anti..ony, tantalum, 
bismuth, chromium, molybdenum, tungsten, mangancse, 
iron, cobalt, nickel, ruthenium, rhodium, palladium, 
osmium, iridium, platinum, uranium and thorium. Such 
“dispersed metals" must be substantially insoluble in 
ammoniated solution under reducing conditions. They 
are employed as nuclei in the solution on which pre- 
cipitated metal can deposit and grow as the reduction 
proceeds. Thus, the “dispersed metal” particles or nuclei 
preferably ate of a particle size such that they can be 
held in suspension in the solution during reduction. A 
preferred particle size is within the range of from about 
200 to about 1 micron or smalicr. 

Metal valves which can be precipitated from an 
ammoniated solution by reaction with a reducing gas at 
elevated temperature and pressure are those of the group 
osmium, rhodium, ruthenium, iridium, gold, platinum, 
palladium, silver, copper, arsenic, tin, nickel and cobal:. 
Usually, however, these precipitatable metals will be of 
the group silver, copper, nickel and cobalt. These metals 
can be precipitated in metallic state as metal powders 
from an ammoniated solution very rapidly by reaction 
with a reducing gas at elevated temperaiure and pressure. 

The preparation of composite metal powders contain- 
ing two or more of the above described group of pre- 
cipitatable metals can be produced very easily according 
to the method of the present invention by preparing an 
ammoniated solution containing dissolved salts of two 
or more of the desired metals. Reduction is conducted 
{o precipitate first the most easily reduccd metal, which 
is retained in suspension in the solution by agitation. Re- 
duction is then continucd to precipitate the next metal 
in the order of its reducibility. The oider of precipita- 
tion from an ammoniated solution containing two or 
more precipitatable metals can be determined readily by 
the positions of the respective metals in the electromotive 
scries of the elements. For exaniple, the reducibi'ity of 
the metals silver, copper, nickel and cobalt from an am- 
moniated solution is in the order named. “Dispersed 
metals" or nuclei which cannot te precipitated frem an 
animoniated solution by gas reduction must, of course, 
be prepared in the desired particle size by known or con- 


ventional methods prior to thcir dispersion in the solu- 


tion. 

The method is conducted very simply. Particles of the 
“dispersed metals” or nuclei of a particle size such that 
they can be suspended by aritation in the solution under- 
going treatment are disnersed in the ammoniated solution 
to form a slurry. The metal having physical and/or 
chemical properties different from those cf the “dierersed 
metal” or nuclei which is to be precipitated from the solu- 
tion is present in the solution as soluble salt. Factors 
which affect the reduction and precipitation of metal 
values from the solution are the nature and character- 
istics of the metal to be precipitated, the temperature and 
pressure at which the reducing reaction is conducted, the 
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Mature and the characteristics of the solution and the re- 
ducing gas employed. All these factors must be taken 

consideration and the conditions of operation ad- 
fusted to produce optinwum precipitation of the desired 
metal as metal powder. 

The desired ratio of the respective metals in the de- 
sired composite metal can be obtained very casily. Un- 
der normal conditions, dissolved metal values in the am- 
moniated solution can be reduced to about | gram per 
litre very easily and very rapidly. Thus, it is only neces- 
sary to add to the solution a slight excess of the metal 
values to be precipitated. of the order of about 1 gram 
per litre, and the desired amount of “dispersed metal” 
particles. For example, if it is desired to produce a com- 
posite meial powder containing about 500 grams of mo- 
tybdenum and 50 grams of cobalt, the prescribed amount 
of molybdenum is dispersed in, for example, a litre of 
am ammoniated solution which contains about $1 grams 
of cobalt and suspended therein by active agitation. Re- 
duction is continucd until only about 1 grame of cobalt 
remains in the solution. If it is desired to form a com- 
posite metal powder comprised, for example, of 70% 
nicke| and 30% copper, an ammoniated solution can be 
prepared which contains the desired ratio of metals as 
soluble salts. The solution is then reacted with a ree 
ducing gas such as hydrogen at elevated temperature and 
Pressure. Copper precipitates first as metal powder and 
is retained in suspension in the solution by agitation dur- 
ing precipitation of nickel metal powder. Reduction is 
continued until the nickel content of the solution has been 
reduced to the desired extent. The resulting composite 
metal powder, aftcr separation from the solution, washed 
and dried, contains the desired nickel to copper ratio, 

The solution is selected with regard to the solubility 
therein of the dispersed metal patticles and the metal 
values to be precipitated and the reactivity of the reduc- 
ing gas employed. Thus, the solution can be organic or 
inorganic, acid, basic or neutral, having regard to al) the 
factors entering into the reduction. 

Usually, the solution to be treated will be an aqueous 
ammoniated sulphate or chloride solution. 

Ammonia usually is preferred as the complex forming 
ammine. However, organic ammines such as methyl 
amines or ethylene diamine can be substituted for all or 
part of the ammonia. 

The reducing gas also is selected with regard to all 
factors entering into the reducing reaction. Usually, it 
will be desired to precipitate metals from the solution 
substantially free from impurities. It is preferred to cm- 
ploy hydrogen as the reducing arent in the Precipitation 
of pure or substantially pure metal from the solution. 
However, othe: reducing gases such as carbon monoxide, 
methane, producer pas, natural gas or mixtures of reduc- 
ing gases can be employed, if desired, 

The anion of the metal to be precipitated is selected 
with regard to the solubility of the meta! salt in the se- 
lected solvent and the reactivity of the anion with the re- 
ducing gas. Usually, in basic solutiors, sulphate, chlo- 
ride, carbonate and hydroxy! anions and in acid solutions 
suiphate, fluosilicate or acctate anions can be employed, 

The time required for the reducing reaction is a func- 
tion of the temperature and the pressure 9¢ which the re- 
action is conducted and varics inversely therewith. Pref- 
erably, the reaction is conducted at a temoerature within 
the range of from about 250° F. to about 500° F, The 
reaction can be conducted at a tempcratur: below about 
250° F. but it tends to proceed too slowly ‘or large scale 
commercial operation. Also, the reaction can be con- 
ducted at a tempcrature above about 500° F., but the 
increased rate of reduction docs not warrant the increased 
cost of the high tempcrature-high pressure eciiporent re- 
quired. 

The reducing reaction usually is conducted under a 
partial pressure of reducing gas above about $0 pounds 


per square ioch, and preferably from about 100 to about. 
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500 pounds per square inch, to produce a total pressure 
of from about 150 to 1000 pounds per square inch, pref- 
crably, from about 250 to 700 pounds per square inch. 
At partial pressures below shout $0 pounds per square 
inch the reaction proceeds too slowly and the increased 
rate of the reaction above abdut 500 pounds per square 
inch usually does not warrant the cost of the high prese- 
sure equipment involved. The term “total pressure” is 
intended to means the pressure autogenously preduced by 
the temperature at which the reducing reaction is con- 
ducied plus the partial pressure or the overpressure of the 
reducing gas employed. 

conceniration of the metal salt in the solution is 
adjusted to that from which there is rapid precipitation 
of metal values from the solution but safcly below that 
at which there would be any danger of crystallization in 
the reaction vessel or in pipe lines, valves, and pumps. 
For example, in the precipitation of copper as powder 
metal from solution by gas reduction, copper sulphate 
is quite soluble in aqueous acid or basic solution, up 
to about 100 grams per litre of copper at ambient tem- 
perature and to a greater extent at higher temperatures, 
Therefore, concentrations of up to 75 to 100 grams of 
copper as sulphate per litre can be employed safely, 
Similarly, nickel and cobalt sulphates are relatively highly 
soluble in ammoniacal solution and while it is preferred 
to employ solutions ntaining about $0 grams per litre, 
concentrations up to about 75 grams per litre of metal 
can be employsd safely, 

'n the precipitation of metals from solution by gas 
reduction, certain metals, such as silver and copper do 
not require a hydrogenation catalyst to initiate and pro- 
mote the reducing reaction. Other metals, such as nickel 
and cobalt require a hydrogenation catalyst. Thus, in 
the precipitation of nickel and cobalt from solution by 
as reduction, it is necessary to provide a hydrogenation 
Catalyst. In certain instances, the dispersed metal serves 
as a catalyst and it is not necessary to provide another 
catalyst or nucleating agent in the solution. Examples 
of metals which serve as a catalyst are iron, nickel, cobalt, 
molybdenum and titanium carbide. Metals such as 
chromium, however, do not act as a Catalyst in the re- 
duction of nickel and cobalt. In the absence of a catalyst, 
little or no reduction is obtained and it is necessary to 
provide it in the solution before initiating the reduction. 
There are a number of satisfactory addition agents which 
can be employed as catalysts or nucleating agents of which 
ferrous sulphate is preferred in the reduction of nickel 
and a mixture of sodium sulphide and polassium cyanide 
is preferred in the reduction of cobalt. The addition to 
the solution of 4 grams per litre or less of the preferred 
catalyst or nucicating agent is sufficient to initiate and 
Promote reduction of nickel and cobalt from otherwise 
uncatalyzed solutions. 


When precipitating metal powder from solution by gas 


reduction, the density of the resulting powder can be 
controlled by regulating the ammonia and/or the am- 
monium sulphate concentration of the solution. For ex- 
ample, copper metal can be precipitated from solutions 
of widely varying hydrogen jon contents. Accordingly, 
the solutions may range from strongly basic amine solu- 
tions containing much free ammonia or other amine to 
those containing relatively large amounts of free acid. It 
is iound, however, that there should be the equivalent of 
from about 0.1 to 2.5 gram mols of ammonia present 
in the solution per gram atom of silver or copper or 
from about 1.5 to 4 gram mols ammonia per gram atom 
of nickel or cobalt or nickel plus cobalt in the precipita- 
tion of silver, copper, nickel and cobalt from solutions by 
gas reduction, 

The desired mixture of metal nowders Is produced by 
forming a slurry comprised of the desired amount of dis- 
persed metal particles or nuclei and an ammoniated solu- 
tion containing, in the form of a soluble salt, the de- 
tired amount of metal to be precipitated. This slurry 
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is reacted in a reaction vessel, such as an gutoclave, with 
@ reducing. fas at clevated temperature and under a partial 
pressure of reducing pas above the pressure autogcnously 
generated by the temperature at which the seaction is 
conducted. The reducing reaction is continued until 5 
the desired amount of mcial powder has been precipitated 
from the solution. Atths cnd of the reduction period, the 
mixture of metal particles is separated from the solution, 
such as by filtration or by centrifuging, and is in ideal 
ceadition for use as such or for treatment by conventional 10 
means for forming a desired compacted product, such 
as by sintering and/or compressing according to known 
8. 

Resulting composite metal paritcles are illustrated in 
the accompanying drawing in whicit: 16 

Figure 1 illustrates enlarged cross-sections through 
typical composite metal particles; and 

Figure 2 is a top plan view of a compact formed of 
eomposite metal particles illustrated in Figure 1. 

‘The composite particles were of a particle size of abou* 20 
$ microns. 

The following cxamples illustrate the operation of the 
present method to produce a mixture of metal particles 
coated with or otherwise intimatcly associated with other 
metal particles having different physical and/or chemical 25 
properties. In each example, hydrogen was employed 
as the reducing gas. The reducing reactions were con- 
ducted at a temperature of about 350° F. and under a 
partial pressure of hydrogen of about 100 pounds per 
tue? inch, A finite amount, less than about 4 grams 30 
per litre, of ferrous sulphate was added to the solution 
to prom cte the reduction of nickel and a finite amount, 
fess than about 4 grams per litre, of a mixture of potassium 
eyanide and sodium sulphide was added to the solution 
to promote the reduction of cobalt. The dissolved metals 35 
were present in the ammoniatcd solution as sulphates. 
The solution contained, in addition to the dissolved salts, 
from about 0.1 to 2.5 gram mols of ammonia per gram 
atom of copper and from about 1.5 to about 4 gram 
mols of ammonia per gram atom of nickel or cobalt or 40 
nickel plus cobalt, 


Composition of Solution, 
Grams per litre 2 Com 


Composite Metal 


Powder 


Yn Bolution ik yl 


etal” 


Fo+Ni+Co.....| Ni 23.6, Co 31.6... 
Cr+Ni+Co.....| N131.7, Co 23.6... 


It will be understood that these examples are for the 
purpose of illustrating the operation of the invention in 
the preparation of composite powders designed for use as 
conventional alloys, such as brass, bronze, Monel metal, 60 
fron-copper alloys, iron-nickel alloys, nickel-chromium 
alloys, cobalt-nickel alloys, iron-nickel-cobalt alloys and 
molybdenum-iron-nickel alloys. 

The scope of the method is not limited, of course, to 
the production of these specific al’ys. Rather, it can be 65 
employed with advantage in the production of composite 
powders which include one or morc metals described as 
suitable for use as “disperscd metals” or nuclei and onc 
or more of metais of different physical and/or chemical 
properties of the croup of metals adapted to be precipi- 70 
fated as metal powdsr ftom oniated solution by 
reaction with 4 redvoing get ite feraliire and 
pressure. ov ni i ‘ 

The method of the present inven 


Bee 
lon possesscs a number 


ef important advantages. It provides a method of pro 7¢ 


ition of Product 
—Composite Metal 


Fe 23.6....| Fo:Ni:Co~0:30:40..... 
Cr 23.6....| Cr:Ni:Com40:20:40..... 


Cr: Nim2:bicwwewccnee 
\or: TIC:Ni=20:10:70... 


ducing a compesite powder from which a pre-alloyed . 
powder can be obtaincd by a simple homogenizing heat 
treatment. Because of the intiniate contac! of the differ- 
ent metal surfaces, it is possible 40 press certain compo- 
site metal powders before homogenizing heat treatment 


“and then utilize the sintering operation to obtain the de- 


sired degree of diffusion between the metals and thus 
produce the desired degree of alla;. 

In other instances, it may be desirable to delay this 
alloying treatment by choice until the sintering stage, such 
as in the use of a pre-alloyed powder with poor pressing 
propertics. The metal conferring the inferior propcr- 
“les to the alloy can be coated with a softer, more ductile 
metal thereby producing overall good pressing proper- 
ties and reducing die wear. The ultimate association of 
the different metals in the mixture and the cold-work . 
introduced during pressure promotes rapid diffusion on 
sintering and results in a compact with propertics at least 
equal, if not superior to those which have been produced 
with a pre-alloyed powder. hi 

The invention has the further advantage of replacing 
older methods of mixing metal powders, such as in double 
cone mixers, in twin shell mixers, in rod mills and in 
ball mills according to conventional practice. In mary 
instances, cold-work produced during mixing is objec- 
tienable because the powders do not then deform easily 
during pressing, resulting in lower green densities end 
increased die wear. This is particularly the case with any 
form of milling operation. Other deleterious features of 
the latter form of mixing are, of course, possible con- 
tamination of the desired product from the grinding me- 
dium and/or the lining of the mill and the danger of 
oxidation. The cold-work and oxidati-1 produced during 
milling by conventional methods often makes it neces- 
sary to re-anncal the powder and this added considerably 
to the cost of the raw material. 

A further important advantage of the method of the 
present invention of prodtcing composite metal powders 
is that a metal which would tend to oxidize easily in attri- 
tion or milling can be coated under reducing conditions 
with a more chemically stable metal to protect it from 


an 
Physical Characteristics 


Fincty divided composite powder 
of ndonst 9.6 microns. 

Finely divided enmposite powder 
abaut 12.6 microns. 

Finely divided composite powder 
about 10.7 microns. 

Fincly divided copper nickel 
comprsite powder. 

ier divided composite pow- 

er. 
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oxidation during subsequent processing. In certain in- 
stances, it may be desirable to arrange that the protective 
metal or a metal added to facilitate sintering can be re- 
moved during the sintering operation to leave a pure 
po consisiing only of the metal or metals of the nu- 
cleus. 

What we claim as new and desire to protect by Letters 
Patent of the United States is: 

1, The method of producing a composite metal powder 
comprised of at least (.. different metals which com- 
prises dispersing solid particles of a metal in an ammo- 
niated solution in which said particles are insoluble under 
reducing conditions and which contains, in solution, a 
compound of a metal selected from the group censisting 
of osmium, rhodium, ruthenium, iridium, gold, platinum, 
paila . silver, copper, arsenic, tin, nickel and cobalt 
and hing properties which are different from those of 
the dispersed metal particles, reacting the solution with 
a reducing gas at a temperature above about 200° F. and 
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wader a positive partial pressure of reducing gas to preci- 
pitate from said solution particics of metal in elemental 
ferm on saidé dispersed metal particles, continuing the 
reducing reaction to coal said dispersed metal particles 
with said precipitated metal, and thereaftce separating 
and recovering composite metal particies from the solu- 
tion, said dispersed metal particles being present in said 
solution during the reducing reaction in amount suMfi- 
cient to form, with said precipitated metal powder, a 
composite metal powder adapted to he compacted. 

2. The method of producing a composite nvetal powder 
comprised of at Icast two different metals according to 
elaim 1 in which solid particles of at Icast one metal 
sclecicd from the group consisting of copper, silver, gold 
beryllium, zinc, cadmium, boron, aluminum, indium, ti- 
fanium, germanium, zirconium, tin, hafnium, lead vana- 
dium, niobium, antimony, tantalum, bismuth, chromium, 
molybdenum, tungsten, mangancse, iron, cobalt, nickel, 
ruthenium, rhodium, platinum, palladium, osmium, iridi- 
um, uranium and thorium are dispersed in the ammoniated 
solution subjected to the reducing reaction. 

3. The mcthod of producing a composite metal powder 
comprised of at Icast two different metals according to 
claim 1 in which the dissolved metal compound is a mem- 
ps2 . the group consisting of silver, copper, nickel and 
eobailt. : | 

4. The method of producing a composite metal powder 
comprised of at least two different metals according to 
claim 1 in which the reducing reaction is continued to 
obtain composite metal particles which contain a prede- 
termined ratio of dispersed metals to precipitated metal. 
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$. The method of producing a composite metal powder 
comprised of at Icast two different metals according to 
claim 1 in which a catalyst having & higher rcducing po- 
tential under reducing conditions than the reducing pas 
employed is present in the solution subjected to reaction 
with the reducing gas. 

6. The method of producing a compasite metal powder 
comprised of at Icast two different metals according to 
claim | in which the dissolved metal compound is prescat 
in the ammoniatcd solution ats a salt sclected from the 
group consisting of sulphate and chloride. 

7. The method of producing a componite metal powder 
comprised of at Icast two diffcrent metals according to 
claim 1! in which the dissolved metal cempound is 
present in the ammoniated solution as a salt sclected from 
the group consisting of sulphate and chloride and the 
teducing reaction is conducted at a temperature above 
about 200° F. and under a partial pressure of hydrogen 
above about 50 pounds per square inch. 
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This inveniicn relates to an alloy composition having 
high temperature oxidation resistance and high tempe. 
ature siress-to-ruplure resistance, and, the process for 
making the samc. 

The composition of this invention is especially desirable 
for service at clevated temperatures and is particularly 
applicable for the manufacture of parts which are sub- 
jected to corrosive fluids especially where such pasts arc 
to be subjected to corroding conditions within a corrod- 
ing atmosphere at high temperatures. 

In the scarch for high-temperature materials for such 
application, numcrous Ni-Al alloys have been tried, but 
without achieving satisfactory results. Among the prin- 
cipal literature references describing such Ni-Al alloys, 
are the articles of H. V. Kinsey and M. T. Stewart ("A 
Nickel-Aluminum-Molybdcnum Creep Resistant Alloy,” 
Canadian Journal of Research, vol. 27, sec. F, pp. 80-98; 
“Nickel-Aluminum-Molybdenum Alloys for Service at 
Elevated Temperatures,” Transactions of the ASM, vol. 
43 (1950) pp. 193-225), wherein they state that Ni-Al 
alloys containing a phase identified as NiAl, are unsuited 
for the manufacture of gas turbine blades. On page 197 
of the ASM Transactions article, for examplc, they say, 
“The uscfulness of the alloy disappcars when the ratio 
of nickel to aluminum becomes 6:1 or less. This dete- 
rioration of propertics coincides with the appearance of 
a phase (Fig. 15) identificd as NiAl,” and again, on 
page 225 of the same article, it is stated, “We have 

uced test bars consisting completcly of NiAl. These 
ts would literally fall apart on handling, apparently 
from lack of cohesion between the grains.” 

Among the objects of the invention is a high-temper- 
ature material or shaped body combining as a principal 
fagredicnt a nickel-aluminum alloy or the intermetallic 
compound NiAl, but which docs not deteriorate and 
which retains a high transverse rupture strength for a 
prolonged period at tempcraturcs of about 1000° C. and 

v. 

The present invention is based on the discovery that 
by forming a shapcd body by a powdcr metallurgy 
process out of particics of a composition containing 
essentiully the intermetallic compound NiAl and an addi- 
tion of 2% to 7% zirconium, the resulting body may be 
given by powder metaiiurgy techniques 100% density, 
and it will retain high corrosion resistance and the de- 
sired high transverse rupture strength not only at tem- 
peraturcs in the range up to 1000° C. but cven at tem- 
peratures higher than 1000° C., such as 1100° C. to 
1200° C, and even higher. 

The foregoing and other objects of the invention will 
be best understood from the following description of 
erxemplifications thercof. 

The intermetallic compound NiAl consists of about 
68.5% nicke! and 21.5% aluminum, but small variations 
On both sides of the @xact soichiametrical pronortion 
will not matexilly affvet its propertics, a larger varia- 
flea being permis.ibic on the side of excess niche! so 
that the most desirable range of proportions from the 
Mandpoint of oxidation resistagse eprresponds to an 


WI/AI ratio varying {rom kaown 
WIAI compounds, the tional aon, ex- 
hibited by NiAl containing about $% excess nickel. 
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According to the invention, shaped bouics of the same 
high corrosion resistance as the best prior NiAl mate. 
tials, but having a higher order of transverse rupture 
Strength at clevatcd tempecraiures, are Odiained by form. 
ing the shaped bodies with powder metallurgy imcithods 
out of particles of Ni and Al generally corresponding 
to the NiAl compound, and containing in addition, 24. 
Wo 7% Zr, und treating the ingredients to homogcnize 
them into an NiAl alloy containing in solid so! tion the 
Zr content. Pasticulariy cesirable bodics of great cor- 
rosion resistance at clevated temperatures and hish trans- 
verse rupture strength in the range up to 100° C. and 


higher, are obtained by forming them out of meial par-° 


ticles corresponding generally to the compound NiAl, 
with an addition of 34@ to 6% Zr. In gencral, it is de- 
sirable that the Zr addision should be of high purity. 
Good results are obtaincd by adding the 2ircoaium in 
the form of zirconium hydride. In practice, the powder 
particles for the shapcd body are advantageously first 
produced out of a mixture of nickel powder, aiemiaum 
powder and zirconium hydride powder, which miniure is 
heated at an clevated temperature until an exothermic 
reaction starts, which further raises the tempezaiure of 
the mixture to the temperature at which the ingredicris 
of the mixture are formed into a porous, homo,;cncous, 
conglomerate containing Ni, Al and Zr in prozoriions 
corresponding to the ingredients of the mixture. The 
so-obiained porous conglomerate is reduced to a powder 
by crushing and milling to a fine particle size such as 
--325 mesh. The resulting fine NiAl-+Zr powder is 
then formed into the desired shaped product by cold- 
pressing or compacting, presinter:: g, followed by final 
sintering, or by cold-pressing followed by sintering. or by 
hot-pressing. The resulting fine NiAl+Zr may aiso be 
formed into shaped bodics by hydrostatic pressing or 
slip-casting, followed by presintering, final shaping and 
final sintering. 

A feature of the invention is the fact that a compacted 
body of homogeneous powder particles of the formuia 
generally corresponding to NiAl containing 2% to 7% 
Zr in solid solution is densified to 100% density and great 
high-tempcrature strength within a sintering me of only 
about five minutes. Compacied or cold-pressed NiAl=Zr 
powder particles may be given the desired 100% density 
by sintcring at temperatures between 1560° C. and 1600° 
C. in vacuum or under a protective atmosphere of hy- 
drogen or an inert gas such as argon for 2 to $ minutes. 
When the NiAl4+Zr powder particles are formed into 
shaped bodics by hot-pressing, the hot-pressed powder 
body is heated to about 1325° C.-1425° C. for about 
ninety seconds to give it 100% density. 

The heating of the powder mixture of the nickel pow- 
der, aluminum powder and zirconium or zirconium hy- 
dride powder, is done in an enclosure or crucicic of a 
material which docs not react with the ingredicnts of 
the metal powder mixture when they undergo an cxro- 
thermic reaction in forming the zirconium-containing 
NiAl. Good results are chained by using as a ‘crucible 
enclosure for the powder mixture of Ni, Al and Zr par- 
ticles, a crucible or enclosure of magnesia. It is cood 
practice to place around the magnesia crucible enclosure 
containing the powder mixture of Ni, Al and Zr, an outer 
enclosure of grapnite. 

Nefore ircating to the temperature of the exothermic 
reaction, it is good practice to compact the powder nuix- 
ture of Ni, Al and Ze into solid slugs of a size convenicat 
for charging the crucible enclosure. Ia practice, rood 
results are @btained by compacting the powd> mixture of 
Ni, Al an@ sigceniom hydride particles into siugs about 
two inches fa diameter and two inches high, having a 
density of about 3 gm./cc. (gram/cubic centimeters). 
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the chops. sive and density of the compacted powder 
wes, ate net important as tong as the metal powder 
mistire is retained in the form of solid picces stitable 
fer aeady charrins inte the interior of the crucible en- 
etesite in which they are subjected to the exothermic 
weaction. ‘Te prevent binding, the walls of the compuct- 
ine die and compacting punches are suitably lubricated, 
for iastanee with a camphor-ether solution. 

Vhe crucible enclosure in which the powd-r particles 
of Ni, Al gad Zr are heated for bringing shout the exo- 
thermic reaction and homogenization cf the ingredients, 
is provided with an inlet duct and an outlet duct fer 
admitting hydrogen to the interior of the crucible into 
contact with the treated powder mixture and for discharg- 
ing the hydrozen from the interjor of the heated crucible 
enclosurs. It is of advantage to use purified dry hydrogen. 
This can be done by any conventional procedure, for 
instance, by passing the hydrogen through a palladium 
eatalyst followed by passing it through a desiccant tower, 
for instance one containing activated alumina. It is gocd 
practic: to purge the system with pure hydrogen before 
raising the temperature of the contents from normal tem- 
perature to the reacting temperature. 

The heating cf the Ni, Al and zirconium hydride pow- 
der mixture to the reaction temperature may be effected 
by high-frequency induction heating, for instance, by 
surroundine the crucible enclosure with its powder mix- 
ture centent with a water-cooled cepper coil throuch 
which hich-frequency electric current is fed. for heating 
the crucible contents by induced electric currents. The 
hydrogen in the interior of the crucible is ignited as the 
raetal powder charge is heated by the induced currents. 
Dependine on the amount of the metal powder charge. 
.a loneer or shortcr time is required for bringing the pow- 
der mixture charge of the crucible to the reaction tem- 
perature between 800° C. and 1200° C. The exoihermic 
reaction raises the temperature of the heatcd powder mix- 
ture to a higher temperature, such as 1650° C. Purified 
hydrogen is continuously passed through the interior of 
the heated crucible as the charge is being heated to start 
the exothermic reaction, and the passing of the hydrogen 
ig continued until the reaction is compicted and the in- 
eredients of the powder m ure charpe are homoscnized 
into MIAL containing the small addition of zirconium 
in solid solution therewith. As an example, a powder 
charge of Ni, A! and Zr, in the above-spccified prcpor- 
tions, filling a cylindrical crucible interior 4 inches inside 
diameter and 17 inches high, treated in the manner de- 
xcribed shove, will be heated by induction to the exo- 


thermic rcaction temperature within about 20 minutes. ° 


and a homorcneous conglomerate of the reaction product 
is obtained by centinuing the treatment for acout 90 min- 
ufes at an clevated temperature of 1200° C. under an 
aimesphere of pure hydrogen. The purified hyciogen is 
passed continuously through the interior of the crucible 
until after the completicn of the exothermic reaction and 
the homocenizing of the contents of the reacted powder 
mixture. the temperature of the reaciion product is !ow- 
ered to normal temperature. The combined exothermic 
and homorcnizing treatment carried on at the elevated 
temperature yiclds a porous but tough conglomerate con- 
taining NiAl with the small addition of zirconium in solid 
solution therewith. The so-obtained conglomerate is re- 
moved from the crucible and blasted with grit or sand 
te remove any surface contaminants. The conrlomeratc 
is then crushed into a powder, such as —100 mesh par- 
tiele size, and the powder body is further reduced in size, 
as by ball-milling in a tungsten carbide mill under a cover 
of 9 suitable proicctive liquid such as ethy! alcohol, until 
the particles of the conglomerate have been reduced to a 
size of 2 10 5 micrenit, or 325 mesh particle size. After 
the treated conzlomerate has thus been reduced to the fine 
particle size, the powder particles are suitably separated 
from the cover liquid, such as ethyl alcohol, as by filter- 
ing and drying. 
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Out of the «obtained powder mixture of fine, homag- 
cnized particles of NiAT containing Zr in solid Sobation, 
shaped hodies may he produced cither by collpressing or 
compacting, followed by sintering, or cold-prc-sing fol. 
towed by presintering at a relatively low ‘comperature, 
followed by a firal shaping or coining. foilov.cd by a 
short final sintezing at a higher temperature, or by hei. 
pressing the powder mixture. Good res:its sre obtained 
by cold-pressins oF compacting the powder miature with 
15,000 to 20.00 p.s.i. (pounds per square inch). It is 
of advantage . use a small amount of lubricant addition 
with the metai powder mixture when it is so compacted. 
Any of the known liquid Jubricants wsed in sim‘lar com. 
pacting processes may be used. Geod results ate ob- 
tnined by adding 2% campuor dissolved in ether, to the 
horacseniz:d metal powder mixture under a fume hood. 
and the powder bedy should be compucied relatively torn 
after admixture of the luoricant, for instance within a 
day therefrom. It is of advantage to arp’y a lubricant 
tu the surfaces of the compacting dics aad punches, for 
instance by aoplying thercio a coating of a inlae evher- 
camphor solution. ae 

Such compacted green body of zirconium-contaiaing 
NiAl docs not have su‘ficient strength for machining 
into the final accurate shaps. If machining er Enal shas- 
ing is to be dene, the compacted zirconium-containing 
NiAl powder body is subj:cted to rresintzring. Good 
results are obtained by presintering at a temperature of 
between 1000° C. and 1199° C. for about 10 to 20 
minutes under vacuum, followed by cooling to abcut 
150° C. befove the vacuum is brol.en. Ths so presintsred 
body may be readily machined or coined to give it the 
final desired shape. Instead of presintering under vacu- 
um, the presintering operation may te carrizc on under 
an atmosphere of purified dry hydrozen. 

The so-ccmpacted and presintered and finally shaped 
body is then subjected to final sintering. The final sinter. 
ing may be done undcr vacuum or in an at-aesphere of 
purified dry hydrogen at @ temperature of between 1500° 
C. and 1600° C. Final sintering for 2 to 3 minutes ‘at 
temperaturcs between 1500° C. and 1600° C, resu'ts in 
complete densification of the compact to full or 100% 
density. Since the final sintering and densification re- 
sults in an inner shrinxazc ef about 20°e. the comp:st- 
ing dies in which the shaped bedics are formed are éi- 
mensioncd to give over-sized compacts wtih after ihe 
presinicring, machining or coining, and final sintering to 
{ull densification and shrinkage, yicld a shaped bay of 
the desired final dimensions. 

Instead of presintering followed by coining cf Bia- 
chining, followed by final sintering, the desired shared 
nedies may be produced by subjecting the over-sized - 
compacted zirconiun-containing NiAl nodies to a single 
sintering operation at between 1$00° C. and 16 G* C. 
in vacuum or under pure hydrogen for abcut 3 to $ min- 


‘ules up to 10 minutes, whereby the compact is sintered 


to full density and full strength. 

Hydrostatic pressing may be used for forming a zir- 
conium-contiining NiAl powder body isto the desired 
compacted shape. For instance, ia forming such com- 
pact by hydrostatic pressure. the following procedure 
may be used: A powder body of zirconium-containing 
NiAl is placed in a svbber mold of desired sharps the 
walls of which will yield when placed in a vessel coa- 


5 taining a liquid pressurs bedy which is subjected to 


pressure. The liquid pressure body may, for instance. 
consist of glycerin. The sactal powder body has ad- 
mixed thercio, a small amount of a binder such as 2% 
camphor dissolved in ether. The rubber mold filled 
with the metal powder body is scaled off and is placed 
in the pressure liquid, the pressure of which is iocreased, 
as by a hydraulic press, for instance, to 4 to 4 

(ons per square inch). Such hydrostatically pressed 
metal powder bodies may be presintered and further 
machined beforc final sintering, or subjected directly @ 
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a final sintering: operation, ia the same way a described 
jn conncction with shaped bodics formed with a com- 


ing dic. 
nian containing NiAl powder badics may also he 


formed in the desired shape by slip-casting., To this - 


end, the metal pmvder bodies have admixed thereto a 
suitable liquid such as water containing a polyvinyl al- 
cohol resin for forming, a thick metal powder slurry. The 
metal powder siuery is then poured into a plaster mold 
which is vibrated while the slurry ix poured into it. 
Afier the Surry contents of the plasier mold have been 
dried by driving off the liquid, the shaped cast body 1s 
removed from the plaster mold and treated in the same 
way as the compacted metus! powder bodics formed in 
metal dics. 
The examples given below give additional details of 
3 suitable for producing shaped bodics of NiAl 
containing in solid solution 2% to 1% Ze. 


Example 1 


Nickel powder of high purity, such as electrolytic 
nickel powder of 99.2540 purity, having a particte size 
—100, +200 mesh, is mixed with aluminum powder of 
99.85 purity, —3C mesh particle size, and with zirco- 
nium hydride powder, —100 mesh particle size, in pro- 

ions corresponding to a composition containing about 
65.850 nickel, 30.2 aluminum, and 4% zirconium. 
The powder minature is mixed by tumbling for 15 to 20 
minuics, and compressed into slugs approximately 2 
inct.cs in diameter, onc inch long. The slugs are placed 
in w crucible of magnesia which is enclosed by a mag- 
nesia closure cover. the covered magnesia crucible being 
in turn enclosed in a graphite enclosure. Purificd dry 
hydrogen is passed through the interior of the crucible 
enclosure. The crucible enclosure and the powder con- 
tent are heated by high-frequency induction currents, 
pntil an exothermic reaction takes place at about 1180° 
C. Purificd dry hydrogen is passed through the inte- 
nor of the crucible enclosure throughout the periud dur- 
ing which the contents of the crucible enclosure are 
heated above normal temperatures and until they are 
cooled to normal tempcratures. Thereupon the reac- 
tion conglomerate is removed from the crucible, The 
reaction conglomerate is porous and is reduced to powder 
by first crushing it, followed by milling, as in a tungsten 
carbide ball mill, to form out of the reaction conglom- 
erate, powder particles of —325 mesh particle size. The 
ball-milling is done under ethyl alcohol, and the sesult- 
ant NiAI-+Zr powder is separated from the ethyl alcoho! 
by filtering and drying under vacuum, 

X-ray diffraction patterns of so-obtained powder show 
essentially the presence of NiAl with a greatly expanded 
lattice indicating that the zirconium content is taken into 
the NiAl lattice. A chemical analysis shows that the 
powder particles contain Ni, Al and Zr in proportions 
corresponding to the ingredients of the initial powder 
mixture. 

A body of such zirconium-containing NiAl powder was 
mixed with 2% camphor dissolved in cther as a lubri- 
cant, and compacted in a die with a pressurc of 17,000 
psi. The compact was subjected to sintering in an 
atmosphere of purified hydrogen at between 1$30° C. 
and 1540° C. for § minus, yielding a body having a 
density of 5.85 gm./cc. (gianis over cubic centimeters), 
this being full 100% density. When subjected to trans- 
Verse rupture tests, this material had a transverse rup 
tere strcapth of 134,000 p.s.i. over a temperature rance 
fram zero up to 1000 C., and its transverse rupture 
drength iacrcuscd above this value as the temperature 
was increased above 1000° C. ‘Thus, at 1100° C. the 
wansverse rupture strength of the material was 145,000 
ps.i. In contrast, the best prigr similarly preduced NiA! 
material exhibiting similar high corrosion resistance and 
consisting of WiAl plus an excess of 5% Ni in solid 
lution, although cxbibiting a similar high transverse 
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rupture sirearth at room tempcratures, dropped rapidly 
in strength from 95,060 p.s.i. at 8O0° C. to 67.609 pci. 
at 1000? C., and to $0,000 ; .s.i. at 100° CC. Likewise 
in contrast, similarly produced NiAI materia! contsinine 
instead of 440 zirconium, 4% titanium, althouch exhibit. 
ins substantially the same transverse rupture streneth up 
to 1000° C., rapidly lost its strength at above 100° C., 
its transverse rupture sirenzth dropping from 140,060 
p.s.i, at 1000° C. to 80,000 p.s.i. at 1100° C. 


Example 2 


A sintered body of zirconivm-contuining NiAl was 
produced in the same way as in Example |. except that 
the powder mixture out of which the homogencous con- 
glomcrate was formed, consisted of a mixture of powder 
particles of Ni, Al and ZrH3, corresponding to a com: 
position consisting of NiAl containing 5% of excess nickel 
beyond the umount corresponding to NiAl, and 46 zir- 
conium. A homogencous powder mixture produced by 
the exothermic reaction treatment as descrited in con- 
nection with Example 1, when compacted urd sintered 
as thercin described, yielded a body of 100°% density 
within five minutes of the sintering operation. The re- 
sulting sintered body had substantially the same trans- 
verse rupture characteristics as the body of Example 1. 


Example 3 


A sintered body prepared as in Example ! was formed 
of an initial powder mixture of Ni, Al, and Zr, corre- 
sponding to a composition consisting of NiAl and 2% 
zirconium. A homogencous powder mixture produced 
by the exothermic reaction treatment as descrited in con- 
nection with Example 1, when compacted cnd sintered 
as therein described, yiclded a bedy of 100% density with- 
in 5 minutes of the sintcring operation. The re.ulting 
sintered body had substantially the same transverse rup- 
ture characteristics as the body of Example 1. 

An outstanding feature of shaped bodies of the in- 
vention, is the fact that in addition to exhibiting high 
corrosion resistance and high transverse rupture sirencth 
at temperatures above 1000° C., they aiso have a higher 
order of impact strength than other known Ni.\l bodies, 
a factor of critical importance in the practical applica- 
tion of such shaped bodics. 

It will be apparent to those skilled in the art that the 
novel principles of the invention disclosed hercin in con- 
nection with specific exemplifications thercot, will suggest 
various other modifications and applications of the same. 
It is: accordingly desired that the present invention shall 
not be limited to the specific exemplifications shown or 
described therein. 

I claim: 

1. A shaped corrosion-resisiant body having an ca- 
tended surface which in operation is exposed to corrod- 
ing fluids and great strains, said body consisting of 
sintered powder particles containing about 93‘c to 98% 
of a nickel-aluminum alloy of the approximate com- 
position of the NiAl and an addition consisting of 2% 
to 7% zirconium in solid solution with said alloy, said 
nickel-aluminum alloy consisting of 65% to 75% nickel, 
the balance aluminum. 

2. A shaped corrosion-resistant body having an ¢x- 
tended surface which in operation is eaposcd to corrod- 
ing fluids and great strains, said body consisting of 
sintered powder particles containing about 98% to 9" ¢ 
of a nickcl-aluminum alloy of the approximate compo-!- 
tion NiAl and an addition consisting of 3° to Se z- 
conium in solid solution with said alloy. 
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The present invention is directed to methods of and 
compositions for applying refractory coatings onto a 
varicty of surfaces. The invention finds particular 
utility in coating metal surfaces to protect the same 
against oxidation and other high temperature effects, but 
is also applicable to the coating of various surfaces such 
as glass, carbon, concrete, refractorics, and various other 
matcrials. 

The process of the present invention involves flame 
spraying a particulated material onto a surface under 
conditions such that the coating which results is securely 
bonded to the surface to be coated and, in most instances, 
provides a refractory thin outer shell making the coating 
useful in cnvironments where it could not heretofore 
have been uscd in the absence of the coating. For 
example, the process of the invention finds particular 
application in the coating of metal surfaces for use in 
rocket nozzles. as coatings for turbine blading, and vari- 
ous other applications where a metal surface must be 
modificd in order to adapt it for extreme high tempcra- 
ture conditions. 

While the technique of flame spraying has been ap- 
plied previously to metals and in some instances to ce- 
ramic materials such as refractory oxides, the latter have 
not always proven successful for various reasons. In 
Many instances, attempts to coat surfaces with ceramic 
materials involved the deposition of a glassy coatings on 
the surface, resuliing in the production of an amorphous 
coating. ‘These coatings have generally been unsatisfac- 
tory for high temperature work because the glass and the 
underlying substrate have cocficients of thermal expan- 
sion which are immutable and scldom cqual. As a 
consequence, the interface between them is usually stressed 
hy heating or by cooling. Because of the brittle nature 
of riass, these siresscs frequently cause failure in the 
coating by cracking or chipping. Accordingly, the pres- 
emt invention maics use of materials which are refrac- 
tory bui not glassy, ic., they retain the crystalline struc- 
ture of the starting materials without forming arn amor- 
phous glass composition during or after deposition of 
the coating onio the surface by the flame spraying proc- 
ess. 

The improved results obtained by the process of the 
present invention ase believed duc, at Icast in part, to 
the recoznition that the coating which is applicd by the 
flame spraying process should retain its crystalline char- 
acteristics and should be a sintered rather than a com- 
Metely fused coatine. The results obtained from prod- 
wels produced accoiding to the present invention have 
more than justified this assumption. 

Accordingly, an objcct of the present invention is to 
provide an improved process for flame spraying various 
refractory matcrials onto surfaces, 

Still another object of the invention is to provide an 
improved method for applying a sintered refractory coat- 
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ing onto a metal surface uncce conditions such that there 
is a good mechanical as well as possibly a chemical hand 
se ig the material of the coating and the underlying 
metal. 

Another object of the invention is te provide an im- 
proved process for applying flume sprayed coutings which 
resulis in better distribution of the coating on the sur- 
face, and a more cficicnt use of heat. 

Still another object of the invention is to provide im- 
proved compositions for use as flame spraying composi- 
tions. 

In any fiame spraying process, there are only a few 
variables which are under some degree of control by 
the operator. The first of these is the composition em- 
ployed which, of course. is variable at will. The second 
is the size of the particles employed. <A third is the 
flame temperature involved, which depends primarily 
upon the fucl being burned in the flame spraying torch. 
A fourth is the control of the residence time of the 
patticles in the flame prior to the time the particles strike 
the surface. ‘This, however, is not capable of wide 
variation because the particles must have a minimum 
velocity of a relatively high order in order to be pro- 
pelled properly through the flame. Generally, the res- 
idence time of particles in the flame is measured in 
units of hundredths of a second, this being the interval 
beiween the time a given particle is injected into the 
flame and the timc it appears as part of the coaiing on 
the object. 

Basicaily then, the operator has control over the com- 
positions, the size of the particles, and the flame tem- 
perature. Nevertheless, it frequently happens that the 
sintering temperature of the particular maicrial chosen 
for its refractory properties is in excess of the tempera- 
ture which the particles reach during their presence in 
the flamc. In these situations, n:w technigues are re- 
quired to achicve the desired sintering ciTccts and the 
retention of the desired crystalline structure. 

Perhaps the simplest technigus for increasing the tem- 
perature of the particles is to reduce the particle size 
as low as possible. However, cacept in very few cases. 
the reduction of particle size is, in and of itsclf, insuf- 
ficient to ercate the difference between a sintering and 
a non-sintcring condition in the flame. In addition to 
this, there is the additional complication that the reduc- 
tion of the particles to cxtremely small sizes presents 
feeding problems in delivcring the particles into the 
flame. 

A more satisfactory solution resides in providing fluxes 
in combination with the refractory oxides which form 
a liquid medium in which the sintering reaciion may oc- 
cur. Particulurly good results have been obtained by 
empioying phosph-a. binders, particularly tie metaphos- 
phates and pyrophosphates of calcium and mazncsium in 
conjunction with alph> alumina. Generally from about 
2% to about 10% of the composition by weight may 
consist of the phosphate, the remainder teing the re- 
fractory oxide. ‘The relatively non-volatile calcium and 
magnesium phosphaics are preferred, but the more vola- 
tile sodium and potassium phosphates may te employed 
in aciition to the preferred compounds, 

Onc particularly effective means for raising the tem- 
perature of the Mame so that is provides a sintering at- 
mosphere for the particles contained thercin is to in- 
clude a flame catalyst in the composition fed into the 
flame. A flume catalyst is a material which is capable 
@f catalyzing the oxidation reaction being carricd out in 
the flame and thereby raise the temperature of the cata- 
lyst surface. In the case of an oxyhydrogen torch, for 


70 example, one would select a catalyst material which is 


3 
capatle of catalvzine the ovidization of hydrogen. 
Whetha er net a pace material is a flame catalyst ina 
relatively cosy thine te defermine. However, the theory 
of Mame catalysis has never been extensively developed. 
"The followin: theoretical explanation has been developed 
as a result of the experimental work leading wp to the 

sent invention, and scems to be borne out by the results 
obtained. 

Ht appears that a metal oxide, to catalyze the reac- 
tion in the Hame must have the following characteristics. 
First of all. the catalyst should be a metal oxide in which 
the ovyzen fo oxygen distance on the outside of the solid 
oxide is close to that of a closed packing system, whether 
af the cubic o¢ the hexagonal type. In other words, the 
interatomic distance should be close to the valuc of 2.92 
Angstrom units characteristic of the close packing sys- 
tem. When this condition exists, it scems to favor the 
formation of hydroxy! ions on the surface of the catalyst, 
therchy, tending to carry the combustion reaction toward 
completion, since the formation of hydroxy! ions is be- 
lieved’ to be an intermediate step in all of the gas com- 
bustion reactions which produce water as an end product. 

The nest requirement is that the catalyst be partially 
reduced by the fucl gas used. For example, the oxides 
of most of the transition metals are reduced by hydrogen 
at the temperature of the oxyhydrogen flame. 

The flame catalyst used need not be an oxide; if a metal 
which will coordinate oxygen ions or hydroxyl groups is 
vsed. This metal will also act as a flame catalyst. Thus 
nickel oxide is nota particularly good flame catalyst be- 
cause it is onty slightly reduced by hydrogen, while fincly 
powdered nickel metal, which oxidizes slightly in the neu- 
tral oxyhydrogen flame, is more effective. Where the 
catalyst oxide is volatile (molybdenum or vanadium ox- 
ides for example) the heat gained by flame catalysis may 
te lost as heat of vaporization, but if the particles are 
rendered sufliciently incandescent before vaporizing, their 
radiation serves to heat adjacent non-catalytic particics. 
In summary those materials may be regarded as eVective 
additives which by their presence increase the apparent 
optical temperature of the incandescent powder stream. 
A list of such additives includes magnesium pyrophos- 
phate, sodium acid phosphate, ilmenite (a ferric litanste 
mineral) aluminium acctate, aluminum phosphate, chro- 
mium metal or reduced chromium oxide, and lithium 
aluminate; all of these may be combined with alpha 
alumina as the major constituent of the powder feed. 

Generally, | prefer to include about 2 to 8% of the 
flame catalyst in the composition, but actually the per- 
cent sce of the flame catalyst may vary from very minute 
amounts such as 0.1% to as high as 10% or more. 

Certain flame catalysts work better with selected re- 
fractory materials. For example, ecrium oxide provides 
an exectlent flame catalyst with zirconia but is not pat- 
ticularly effective with other types of refvactorics. Wana- 
dium oxide is very effective with aipha alumina. Co- 
balt oxide is particularly effective with zirconia in an 
oxyacctylene flame, while gamma alumina is a Same 
catalyst for oxyhydrogen reactions. Similarly, chromic 
oxide is a very effcctive flame catalyst with zirconia while 
manganese dioxide is cficctive with alpha alumina. 

The addition of a flame catalyst is particularly effective 
in conjunction with the application of alpha alumina as 
@ flame sprayed costing. It has been demonstrated that 
the addition ef cven a small amount of the flame cata- 
lyst can make the difference between securing an ad- 
herent, sintered coating of the alumina onto the surface 
of the article or a coating which is very likely to crumble 
off of flake off. 

The preferred vanadium oxide may be added te the 
flame os such, but it is preferable to add a material to 
the flame which will dec@inpase under the cénditions of 
the fiame to yicid cither the vanadium trioxide or the 
vanadium pentoxide. Hence, the starting material is 
preferably @ compound such as ammonium vanadate. 
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In conacction with the flame catalysis, it should be noted 
that the theoretical temperature of an onyacctylene 
flame is about 3090° C., and that the actual fame tcem- 
perature is on the order of 2200° C. In the case of the 
oryhydrogen torch, the theoretical temperature and the 
actual temperature are about 300° C. lower than those 
of oxyacetylene. The sintering tempcrature of alumina 
is on the order of 1200° C. 

While the flame tempcrature varies sutstantially, de- 
pending upon the type of fucl being burned, it is prefer- 
able to employ a flame which has a temperature of at 
least 1500° C. in order to insure adequate sintcring of 
the refractory oxides. It is also desirable to cmploy a 
“soft” flame, that is, a flame having little or no excess 
oxygen over the amount stoichiometricaily required for 
the combustion reaction to go to compiction. In fact, 
the flame may be a reducing flame and still operate sat- 
isfactorily. 

The increase in flame temperature which occurs throug’ 
the use of flame catalysts also has the desirable eect 
af helping to break up the particles in the fiame, thereby 
producing still smaller purticle sizes which, in turn, again 
— to increase the effective temperature of the parti- 
cles. 

It is interesting to note that the compound gamma 
alumina is an auto-catalyst for an oxhydrogen flame, 
so that the temperature of the flame is automatically in- 


_ creased by the injection of the gamma alumina powder 
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into the flame. Accordingly, this compound alone is a 
very suitable starting material for the appiication of 
alumina coatings. The expensive gamma alumina may 
be replaced wholly or in part by using a material which 
forms gamma alumina in the flame, e.g. alpha alumina 
monchydrate, aluminum acctate, of bauxite. The abd- 
sorption of heat by the powder can be accelerated by 
inclusion of an isomorph of caimma alumina which ei:her 
acts as a flame catalyst (cobalt oxide) or to increase, ia 
solid solution, its absorption of radiant heat (titania), 
or as a flux (magnesium fluoride). 

Instead of modifying the flame temperature, or in 
addition thereto, adequaic sintering can te achieved by 
combining two compounds which are isomorpuous in 
structire so that they arc capable of forming a fluid 
phase for a short time under the influence of the flame 
to rearrange themselves into 2 crystalline material having 
a higher melting temperature than ather combinations 
of the components. The most important class of co:n- 
pounds which can be produced in this way are the com- 
pounds having a spinel structure. True spinel is the 
combination of magnesia and alumina in a face-centered 
cubic lattice, and this type of compound can be pro- 
duced in the process of the inv ation by injecting suit- 
able amounts of alumina and a source of magnesium 
atoms into the flame. The resulting coating is found to 
contain not only spincl itsclf (MgO.A!;QO,) but gamma 
alumina, which has the spincl structure and nearly the 
same lattice parameters, and is therefore said to te iso- 
meorphous with spincl and to a certain extent capatic 
of forming solid solutions with it. For this reasoo 
particularly good results are obtained when the refrac- 
tory material is itself a spincl or perovsaite, since the 
latter are close-packed oxygen lattices and therefore 
flame catalysts. As cxamples of the spincis, gamma- 
alumina, chromite (FeCr,0,), magnetite (Fe,0,4), picto 
chromite (MgO.Cr,03), reduced ilmenite 


¢ F cs TiO,.Fe,0; ) 


nickel aluminate, (NiAI,0,), and magnesium titanate, 
(Mg,TiO,). The cell size for such spincls varics from 
7.9 lor gamnra-alumina up to 8.48 for the {crrite spincis: 
the laiter are consequently more nearly isomorphic with 
zirconia rather than with alumina systems. It is interest- 
ing to note that lithium aluminate forms, with modersit 
heating, a spinel (LiAI,0,) in which the so called “de- 
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fect amma” structine is Mabilized. As cxaamples of 
perovskite (C4 1O,) structures, the major types which 
have been investiv ted fall inte the ilmenite (VeViO;) 
~ and cotmmdam Gipha-alumina) systems, in which the 
S metal atoms occupy two-thirds of the actahedral holes 
” daa hesapenal close-packed oxypen tattice, “The pyro- 
phosphate strnctine can be tegataded as an infinite three- 
- dimensional structure of PO, tetrahedra linked in 
hexaronal close packing by magnesium ions above and 
below the hesuron centers. 

Particulatly pood results are obtained if the alumina 
employed is a ganima alumina of a source thercol such 
as aluminum acetate. In this connection, it should be 
noted that while the present disclosure deals primarily 
with the use of refractory oxides as the coating materials, 
it will be cvident that the oxide per se need not be em- 
ployed, but compounds which yield the oxides under 
the conditions of the flame are also usable, and in some 
cases preferable. For cxample, carbonates of mag- 
nesium, aluminum, or zirconium can be employed as 
starting matcrials or as mentioned previously, alumi- 
mum aceite is an excellent source of gamma alumina. 
The use of aluminum acetate has the further advantage 
of providing an anti-clogging agent in the composition 
to prevent caking or packing of the alumina particles 
present. 

A source of vanadium oxide in the flame provides 
uniquely improved resulis because vanadium oxide is 
isomorphous with alumina and is also a flame catalyst, 
as previously mentioned. 

The applicd coating need not consist entirely of the 
spine] or the perovskite type structure, as the spinel or 
perovskite serves as an effective binder for systems com- 
posed predominately of magnesia, alumina or the like 
even when present in relatively small amounts. 

Still another technique which is effective to raise the 
temperature of the particles in the flame is that of add- 
ing a material to the composition which will undergo an 
exothermic reaction while in the flame. 
fain metals can be added in finely divided form to the 
oxides or sources of oxides injected into the flame and 
such meials will undergo an oxidation which effectively 
raises the temperature of the particles in the flame. 
Particularly preferred for this use is aluminum powder 
which becomes oxidized under the conditions of the flame 
to produce aluminum oxide and serves as an added source 
of alumina in che coating. In addition, metals such 
as cbromiuin, nickel, cobalt and silicon can be employed 
for the same purpose. Preferably, about 5 to 7% 
by weight of the composition may consist of the pow- 
dered metal through as little as Yo of 1% or as high 
as 106 may be used in some cases. It is not necessary 
to use a pure metal, as long as the material used repre- 
sents a source cf the meial in the flame. Thus, ferro- 
silicon is a good source of silicon, and ferromanganese 
is a good source of mangancse. 

The equipment used to apply the flame sprayed coat- 
ing may be any of a varicty of flame spraying apparatus. 
The simplest consists of an oxyacetylene or oxyhydrogen 
cutting torch or blowpipe which is modificd by the in- 
clusion of a venturi nozzle to permit injection of the 
finely divided particulated mixture of the refractory oxide 
or the like toccther with any other additive such as a 
flame catalyst, powdered metal, or the like. The pow- 
dered mixturc is carricd into the flame in the oxygen 
stream and the other pascoug stream such as hydrogen, 
methane, acctylene, or the like is injected scparately into 
the venturi. 

As previously indicated, the particle size being fed 
into the flame may vary substantially. Particics as low 
@% 2 or 3 microns in marsimum dimension have been used 
successfully, amd particics as farge as 30 mesh have also 
been employed satisfactorily. However, for most pur- 
poses, a particic size beiween about 200 mesh to less 

than $00 mesh will be found to be the most satisfactory. 
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In onder to improve the characteristics of the bord 
which eccurs betwcen the coating and the underly ing sur. 
face, it is desirable ta rouch a the surface prior ta appli 
cation of the coating. ‘This can be dance in the case of a 
metal far caample by phasphatizing the surface or by 
abrading it as by sand blasting of the Ihe. 

One of the advantaces of the coatings of the prevent 
invention is that they are considerably more eflicicnt in 
the utilization ef the heat of the flame thin other types 
of flame spraying systems. Since the particles are in dis- 
crete farm, they need only be surface heaicd to the extent 
of having the particles bond together by sintering action 
rather than utilize a considerable amount of the heat of 
the flame in melting a solid rod of the material and 
spraying it as a molten mass onto the surface to be cov- 
ered. In operating the process of the present invention, 
the particles should reach the surface to be couted at their 
highest temperature. This means that for every applica- 
tion, there is probably a limited range of spacin which 
can be employed between the nozzle and the surface being 
coated. This spacing is easily determined because at the 
proper spacing, the coating gocs on fastest, and the posi- 
tion at which the coating is being applied at the fastest 
rate is readily visible to the cye. 

One of the other outstanding advantages of the process 
of the present invention resides in the fact that the article 
to be coated need not be heated prior to application of 
the coating. This means that the system of the pre-cat 
invention can produce prestressed coatings on metal 
bodies. 

For example, stainless steel has a coefficient of thermsl 
expansion which is substantially lower than that of itunti- 
na. However, the alumina when applied is quite hot, 
while the stccl is cold so that when upon cooling. the 
coating is put in compression about the stuinless sizel 
body. As a consequence, upon sudden heating. further 
compressive stress in the coating occurs, but the di-oriznt- 
ed and somewhat porous nature of the coating resivis the 
tendency toward failure by chipping which occurs in 
vitreous coatings under compression on coating, the com- 
pressive stress in the coating is reduced but iy not madic 
destructively negative even when the samp's i- Ficaged 
red heat into water. As a result, thesc coatings are Icss 
dependent upon a close watch of therni.i expasision co- 
efficicnts than are vitreous coatings, and ire ut the same 
time less rigid or brittle. 

The following examples illustrate the method of apply- 
ing the coatings to the present invention. and the resui’s 
obtained. 


wet 


Example 1 


A flame spraying n.ixture was preparcd by mixing 200 
parts by weight of 60 mesh alumina (corundum) with 20 
parts by weight of magnesium pyrophosphate, and § parts 
by weight of aluminum acetate. The powder was injected 
into an oxygen stream being fed to an oxy icetylene torch. 
The tip of the torch was held a few inches away from a 
stecl plate which was to be coated. The fame spray cd 
coating which resulted built up an excelicnt film and 
was tightly adherent to the surface. Improved results 
were obtained when the surface of the stecl was pre- 
treated with a solution of phosphoric acid and safid blasted 
prior to application of the flame sprayed coatine. 


Example li 


A flame-spraying mixture was prepared by grinding 
mullite (3A1,03.25i0,) to —500 mesh. (A smail wimount. 
0.1%-1.0%, of aluminum acetate may be edded to, celuce 
packing of the powder in the feed hopper.) The powder 
was aspirated into the oxygen stream of a hand How. pire 
(National Type 3A or cquivacint modificl to give un- 
restricted oxygen flow) and oxygen and hydrogen pres 
sures were balanced to give a neutral or slightly reducing 
flame about 7 inches long. A steel plate, lightly sand- 
blasicd, was coated most rapidly when the fame was 
directed normal to the metal surface and about 5 inches 
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therefrom, Using a No. 3 tip for fine spraying. (into ing. onto a surface, which comprises injecting solid crys. 
$ tip for relatively flat or larpe talline partichs of an OAyren- contain ratctial whih 


gwtices, ote.) amd a Ne. - 
preas, a pate of coating piitdup of from 42 to 1 mil per material is refractory at $2007 C. into a pawouy Mream 
syuare inch per mrinetc wats attained. ‘The coating was being fel into a continuous flanic rencrating device, 


6 maintaining the Hame temperature and residence time 
of said particles in said flame at a Value to heat the 
particles to sintering temperature in the Name, and im- 
pinging the hot particles an the surface 10 form a.crys- 


very wliachony aml tiphtly adherent to the metal surface. 


Example U1 


A Mame spraying mixture was pre ared using ground : : . P : 

peid-washed cummin (- 323 - os ole 5 nen ot wine deposit of the a sinternd particles as an 

lithivn alunvinate added. The powder was fed into the oo — ne ena adhere 

apparatus described in Example H. The rate of spray Z. the method Ps ye th - ; — sew 

application (for Ov-§ tin, hydrosen pressure 10 p.s.i.g. omens ome 6 — oe vet — yo tl 

oxyren presse 16 psig.) was found to be approximately ture of solid particics of crysta line isomorphous orygen- 
containing materials which maitcriais are resraciory at 


2 mils per square inch per second. This was a weight : : 

roe. > - Z 3 ° H « “ine a . 
deposition rate of approximately 3.3 em./second. Opti- 15 1200° C. into a gascous sircam being fed inio a con- 
; tinuous flame generating device, mainiaining the flame 


cal particle temperature in the flame was in cxcess of Me : a vede ti { seid sctes i id 

1180° C. The white coating had a superficial vitreous sa eager s serge rege don to ~~ ie ” =r 

appearance, tristimulus reficctivitics of 75.6, 76.0, and ame at a value to heat the  aaoeamg to sintering tem- 
perature in the flame, and impinging the hot particles on 


71.6 in the cieen. amber, and bluc ranges, and an average oy yy fecs tnt : stulline deposit oF the ‘ine 
density approvching 3.0 gm./cc., OF a porosity of 15-18 the surface to form & crystalline deposit o- the resulting 
sintered particles as an adherent coating on ssid surface. 


percent. Hy Knoop hardness was 1313. ‘The Vickers 3. TI hod of applying an adheres ne d 
harness values depended somewhat on the thickness of Fr igapecs 4 oF _. > sabre nivhnigesgi baaod 
coating and hardness of underlying metal but were gen- ing Onto a Suri. which comprises injesting 4 AUNTS 

of particles of alpha aiumuna and lithium aluminate into 


25 3 continuous flame of a combustion zone, maintaining 


erally in the rance 1580-1640. 
the flame temperature and residence tine of said particles 


The coating was successfully applicd to glass, a varicty 


of refractorics, steel and ferrous alloys, electrode carbon, : : : ee : : 
titanium, magnesium, molybdenum, aluminum, gold, in said flame at a value to heat the particics 10 sintering 
platinum, paliadicm, nickel and chromium as Oe. in tbe fiame, and impinzing the hot particiss 

on the surface to form a crystalline deposit of the result- 


concl, Nichrome, Kauthal A, and Duriron. Althoughthe .. ; : : : ; P 
coating is difficult to apply to copper and its alloys, good 0 ing sintered particles as an adherent coating on said 


adhesion has been obtained in a number of instances. surface. ! 
When non-washed corundum is used, the coating is not _* The method of applying * adherent refractory cost 
white but adheres equally well. The composition of the ing onto a suriace, which comprises Injeclne into a con- 
coating, estimated from X-ray diffraction photographs, is tinuous flame of a combustion zone a mixture of particles 
less than one-half alpha-alumina and more than one-half 35 of a solid crystalline oxygen-containing material which 
garama alumina. material is refractory at 1200° C. and from about 0.1% 
‘this coating is quite refractory, possesses a high de- to about 10% by weight thereof of a powdered metal, 
maintaining the flame temperature and residence time of 


gee of chetrical resistivity, and may be built up in thick- : : : ; + 
ness, coatings approaching 0.1 inch thick having been said particles in said Name ata value to heat the particies 
40 io sintering temperature in the flame, and impinging 


obtained. : 

If a small percentage of finely powdered nickel is milled the hot particles on the surface to form a crystalline 

inte the coating composition, a coating is obtained which deposit of the resulting sintered purticics ay an adherent 
coating on said surface. 


contcns alpha alumina, gamma alumina, and a spincl : 2 ‘ ¢ ; 
structive believed to be NiO.AI,O3 which is apparently $. The method of applying an adherent refractory coat- 
a surface, which comprises injecting inio a cone 


pomerphous with gamma alumina, This coating is highly 45 ing onto : > at 
tinuous flame of & combustion zone a musture Os particics 


sesistant to attack by mineral acids. The inclusion of fine : : . at ve 
aluminum powder in the mixture produces a coating with of a solid crystalline OX) gen-containing material which 
a high degree of resistance to oxidation of the underlying matcrial ts refractory at 1200° C. and from about 
substrate, 0.140 to about 10% by weight thereat oe a powdered 
50 oride catalyst for the combustion reacten. maintaining 

Lcap 2 fi ‘i “ 
Example IV the Name temperaturc and residence time of said: particles 


Certain mincral products can, if ground sufficiently fine, in said Mame at a value to heat the particles to sinter: 
be fed directly into the Mame without additives. “These ing temperature in the flame, and impingizs the hot pare 
include ilmenite, rutile, hyanite, sillimanile, bauxite, and ticles on the surface to form a crystalline deposit of the 
zincon. Mesh sizes should be less than 325 (44 microns) 65 resulting sintered particles as an adherent cuuting 08 


and results arc more consistcnt if the powders arc less said surface. 
than $00 mesh (30 microns) in size. 6. ‘The method claimed in claim 1 wherein said oxy Een 
containing material js selected from the croup consisting 


All of these mincrals contain iron as a natural im- 
purity homogeneously dispersed in the crystalline struc- of alpha alumina and zirconia. 
tute of the mineral. 60 7.:«: The method of applying an adherent refractory COul- 
For such mincrals, any addition which increases the ing onto 3 surface, which compriscs injeciing particles 
fine temperature Improves the maximum permissible of ilmenite into a continuous fame of a LOLOUSLON ZOE, 
emperature ans! residence time of 


praying rats oF coating hardness. For example, fine maintaining the flamc | 
aluminuin powder, powdered ferrosilicon (50-90% Si), said paiticles in said flame at a value to heat the particics 
i rature in the Rame, and impinging the 


nichel, or chromium can be added to the coating compost- G5 10 sintering tempe 
hot purticics on the surface to form a crys! 


Powdered iron cxcrts a small but measurable im- ailing depopit 


ini. 
provement with ihmenite, but the resulting coating is not of the resulting sintered particles as an adherent coat- 
corrosion resistant. Lithium aluminate, lithium fluoride, ing on said surface. . 
and powdered motyhdennin increase the particle temper %. ‘The method of applying an adherent sefiactory coul- 
ature slhely G50 to 100° C.). ‘These coutings appear Fe ing onto a surface, which comprises injecting rutile pat- 
to be wseiul in applications where econamy is paramount, tic into a continuous flame of a combusiion 200¢, 
for metal gratings, maintaining the flame temperature and residence ume 
a valuc io heat the 


as in forming shid-resistant coatings 
refractory coatings for brick and the like. of suid particles in said fame ai , 
particles to sintering temperature in the flame, and im- 


J clairn as my invention: 
1. The method of applying an adherent refractory coat- 76 pinging the hot particles on the surface to form a@ Crys 
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talline deposit of the resulting sintered particles as on 2,767,691 
adherent coutiny on said surface. 2,711,975 
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METIIOD 


The present invet on relates to processes of producing 
coherent coatings involving a nickel-phosphorus alloy. 

It is a general ob'ect of the invention to provide & 
coating process uliliaug the metallic reaction product 
of a chemical plating bath of the nickel cation-hypophos- 
phite anion type, and involving flame spraying of the 
product mentioned, wheredy 2 coherent coating is pro- 
duced that consists essentially of a nickel-phosphorus 
alloy. 

Another object of the invention is to provide @ proc- 
ess of producing a coherent couting upon a base metal 
body and iavolving a flame spraying step, wherein the 
coating consists essentially of a nickel-phosphorus alloy. 

A further object of the invention is to provide an 
improved process of producing a coberent coating of the 
character noted, wherein the metallic reaction product of 
a chemical plating bath of the nickel cation-hypophos- 
phite anion type is fed in finely divided form into a re- 
ducing fame made by relatively high velocity gases, $0 
that the particles of the reaction product are melted and 
the resulting melt is projected by the flame onto a sur- 
face to produce a coherent coating thereon, and where- 
in the reaction product end the coating have funda- 
mentally diferent physical characteristics and proper- 


4 

Further features of the invention pertain to the par- 
ticular composition of the nickel-phosphorus alloy coat- 

- {ng and to the steps of the process of making the same; 
whereby the ebove-outlined and additional operatiag 
features thereof are attained. 

The invention, both as to its organization aod method 

of operation, together with further objects and advan- 
tages thereof, will best be understood by reference to the 
fo'lowing specification taken in connection with the ac- 
companying drawing, ia which: 
* Figure 1 is a phase diagram of the nickel-phosphorus 
system, os far as it is pertinent to the nickel-phosphorus 
alloys that are produced in the coherent coatings, in ac- 
cordance with the present invention, and illustrating 
the mutual relationships among phase, temperature and 
composition of these nickel-phosphorus alloys; and 

Fig. 2 is a perspective view of a base metal block carry- 
ing on one surface thereof a coherent flame sprayed 
coating consisting essentially of a nickel-phosphorus 
alloy of the character noted. 

Before proceeding with the description of the prescnt 
invention, it is first noted that in the operation of a 
continuous chemical nickel plating system of the char- 
acter of that disclosed in U.S. Patent No. 2,658,839, 
granted on November 10, 1953, to Paul Talmey and 
William J. Crehan, there is employed a plating bath 
of the nickel cation-hypophosphite anion type, und in 
the plating operation nickel cations are reduced to 
metallic nickel and deposited upon the catalytic surface 
of the object undergoing the chemical nickel plating 
operation, and bypophosphite anions are correspondingly 
oxidized to phosphite anions and accumulate in the plat- 
ing bath. Jo secordance with the method of Taimey aod 
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Creban, the plating bath is contiauously or periodically 
regenerated by the addition of nickel cations and bypo- 
phosphite ions, thereby to 


depletion of these ions ting from the plating re- 
actions mentioned. Also, these plating in the 
plating bath are productive of hydrogen ions, whereby 


hydroxyl ions are added in the regeneration to maintais 
plating bath. 

tends the useful life of 
does not prevent the buildup of 
thereia (assuming 


plating bath, as a 
centrations therein of 
alternatively to subject 
plating bath to complete cpemical “clean-up,” as disclosed 
in the copending application of Paul Talmey, Gregoire 
Serial No. $76,931, 


ing bath, since 


for the formation of “metallic precipitate” therein, with 


Specifically, 
metallic precipitate in the plating bath are autocatalytic; 
whereby the formation of any substantial metallic pre- 
cipitate therein effects the total decomposition of the 
plating bath very quickly and througbout the body there- 
of entirely at random and altogether independently of 
the catalytic surface of the body undergoing the plating 
operation. 

Thus a chemical nickel plating bath becomes “spent” 
when the phosphite anion concentration therein op- 
proaches the threshold of insolubility of nickel phosphite, 
and must be discarde* so as to prevent the possibility 
of random decompos. ©a thereof in the plating system. 

The spent chemical nickel plating bath contains valu- 
able nickel, hypophosphite and phosphite, as well as 
sodium and sulfate; whereby it is ordinarily subjected to 
gross nicl:el salvage by treatment that induces decomposi- 
tion thereof, the residue of the plating bath comprisiog 
an aqueous liquid having the previously-mentioned metal- 
lic precipitate suspended therein. The maiter of the 
treatmert of the spent chemical nickel plating bath to 
induce decomposition thereof is exceedingly casy, as 
this phenomenon involves the previously-mentioned re- 
actions that are autocatalytic; whereby the reactions, once 
initiated, rapidly spread throughout the plating bath eod 
to the two ingredients (nickel cations and hypophosphite 
anions) with the formation therein of the metallic pre- 
proceed substantially on a quantitative basis with respect 
cipitate mentioned. Thus, all of the nickel cations in 
the plating bath are depleted in the presence of the nor- 
mal slight excess of hypophosphite anions; whereby the 
subsequent recovery of the metallic precipitate from the 
aqueous liquid effects the complete recovery of the nickel 
cautions from the residue of the spent chemical nickel 
plating bath. 

The initiation of the reactions mentioned is alsuv ex~- 
ceedingly simpie as it is noted that a chemical nickel 
plating bath is normally in a metastable state, and is 
subiect to catalyzed decomposition. Specifically, the 
simplest procedure of initiating the reactions is to seed 
the spent chemical nickel plating bath with a small quaa- 
tity of previously proJuced metallic precipitate or 4 
small quantity of any catalytic material in finely divided 
form, such as iron, cobalt, nickel, palladium, etc. Pal- 
ladium is highly catalytic aad may be employed cveu 
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in the form of an aqueous solution of a salt thercof, such 
as the chloride, nitrate, ete. Also, the reaction rate in 
the spent chemical plating bath may be enhanced by 
appropriate increasing the pH thereof, by raising the 
temperature thercol to the boiling point, ctc. Since the 
reactions are autocatalytic, us previously noted, it is very 
convenient, as a matter of manipulation, to initiate the 
same in a small quantity of the spent chemical nickel 
plating bath contained in a beaker, or the like, and then 
reluro the contents of the beaker into the vat or tank 
containing the bulk of the spent chemical nickel plating 
bath, thereby seeding the reactions in the bulk of the 
speat chemical nickel plating bath, in an obvious manner. 

"This metallic preci;itate has been discovered to be 
an amorphous solid comprising a metastable supercooled 
solution of phospborus in nickel, and having no specific 
composition, but normally containing as produced in- 
cident to the random decomposition of a chemical nickel 
plating bath of the nickel cation-hypuphosphite anion 
type, constituents comprising about 88 to 94% nickel and 
6 to 12% phosphorus by weight. The phosphorus con- 
ent is affected by the pH and by the excess of both kypo- 
phosphite asions and phosphite anions in the spent 
chemical nickel plating bath, but only within the narrow 
range mentioned. Specifically, a high hypophosphite 
anion contest, in the spent chemical nickel plating bath 
fasures that iacident to random or induced decomposi- 
tion thereof the metallic precipitate produced will have 
a high phosphorus content withia the narrow range, 
whereas a high phosphite anion content has only a slight 
effect in this regard. The metallic precipitate produced 
incident to the random decomposition of a pure simple 
freshly prepared standard aqueous solution of nickel sul- 
fate and sodium hypophosphite always contains phos- 
phorus in the range 6 to 12% by weight, frequently has 
@ phosphorus content as high as 10% by weight, and 
occasionally bas a phosphorus content as high as 1250 
by weight. This phenomenon is not really understood, 
os the random decomposition of the same standard solu- 
tica in two separate batches is not necessarily productive 
of identical samples of metallic precipitate as to phos- 
phorus content. : 

It has been discovered that this metallic precipitate 
has a melting temperature in the range 880° C. to 1100° 
C. depending upon composition; whereby the nickel and 
phosphorus constituents are in equilibrium. 

These considerations will best be understood by refer- 
ence to Figure 1 of the drawing, wherein there is illus- 
trated a portion of the nickel-phosphorus system that is 
pertinent to the nickel-phosphorus compositions produced 
by the melting of the precipitate noted. Specifically, it 
was discovered that the eutectic composition comprises 
pickel and phosphorus constituents containing about 89% 
nickel and 116 phosphorus by weigh’, and that the 
eutectic temperature is about 860° C. On the curve 11 
the meliing point of nickel (1453° C.) is indicated at 
12 and the eutectic oint is indicated at 15. Also, from 
the curve 11, it will be observed that a composition con- 
taining about 59 phosphorus has a melting poict of 
about 1150° C., a composition containing about 6% 
phosphorus has a melting point of about 1100° C., a 
composition containing about 10% phosphorus has a 
melting poiat of about 950° C., and a composition con- 
taining about 12% phosphorus has a melting point of 
about 950° C. 

The cvtecti¢ composition of the system is not com- 
pletely determined, since st appewrs that it involves funda- 
_ mentally nickel and pl. sphorus, and since the propor- 

tions by weight are noi in accordance with Dalton's law; 

; however, afier heat-treatment abuve 400° C., only nickel 

and Ni,P in the alloy have been detected by X-ray dif- 
fraction analysis. 

All of the compositions that are produced by melting 

of the metallic precipitate noted contain nickel and phos- 

phorus in the previously-mentioned range by weight 
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(about 83-94% nickel and 6-125 phosphorus); and 

most of the compositions fall in the even more limited 

range containing about 90-535 nickel and 7-10%% phos 

phorus by weight. Thus, it will be understood that when’ 
the metallic precipitate is heated to a temperature suffi- 

ciently high to melt the same, a melt is produced ia which ; 
the nickel and phosphorus constitueuts are in equilibrium) 
above the curve 11 of the phase diagram of Fig. 1... 
Upon subsequent cooling, the melt becomes supersaturated’ 
with nickel in the event the phosphorus content of the 

composition is below 11%; whereas upon subsequent 

cooling, the melt becomes supersaturated with Ni,P io 

the event the phosphorus content of the composition is . 
above 11%. Specifically, in the event there is a def- 

ciency of phosphorus the melt becomes supersaturated” 
with nickel, upon subsequent cooling; whereby solid 

nickel is formed in the eutectic solution as the com- 

position of the solution moves downwardly and to- 

ward the right along the curve 11 and toward the 

eutectic point 13; hence, when the cooling of the melt 

proceeds to the eutectic temperature of about 880° C., 

considerable solid nickel is present in the solution of 

the eutectic composition, so that upon further cooling of 

the mass, this solid nickel is productive of primary nickel 

crystals in the mass of the cutectic composition that ap- 
pear as substantial nickel dendrites in the eutectic matrix. 

in the event there is an excess of phosphorus, 

the melt becomes supersaturated with Ni,P, upon subse- 
quent cooling; whereby solid Ni;P is formed in the 

eutectic solution as the composition of the solution 
moves downwardly and toward the left along the curve 
11 and toward the eutectic point 13; hence, when the 
cooling of the melt proceeds to the eutectic temperature 
of about 840° C., considerable solid Ni,P is present in 
the eutectic composition, so that upon further cooling 
of the mass, this solid Ni,P is productive of primary Ni;P 
crystals in the mass of the eutectic composition that 
appear as small crystals oi Ni,P dispersed in the eutectic 
matrix. Accordingly, it is the melting of the metallic 
precipitate noted, followed by the subsequeat cooling 
and solidifying of the mel’, that is productive of the 
nickel-phosphorus alloy characterized by ‘*e eutectic 
composition having disperseci thercin the pri 'y crystals 
mentioned. As previously roted, in this metailic precipi- 
tate, there is normally an ¢>.cess of nickel in the composi- 
tion, whereby the nickel-phosphorus alloys produced is 
normally characterized by the dispersion therein of nickel 
dendrites. 

From a broad peint of view, as a matter of definition, 
the original nicl:cl-phosphorus material resulting directly 
from the nicel cation-hypophosphite anion reaction (the 
amorphous solid material described) may be termed an 
“alloy,” although it is not characterized by the eutectic 
composition noted; however, it is preferable to apply! 
the term “alloy” to the final nickel-phosphorus matercal 
that results from the melting and subsequent solidifying 
of the original material mentioned, since this final rma- 
terial is characterized by the eutectic composition noted. 
‘Thus, hereinafter the term “alloy” will be used only to 
refer to this final material. 

Now this nickel-phosphorus alloy is substantially cif- 
ferent, as to characteristics and structure, from the solid 
nickel-phosphorus material tat is chemically plated from 
a plating bath of the nickel cation-hy “phosphite anion 
type and from the solid nickel-phosphorus material of the 
metallic precipitate. For examples: this nickel-phos- 
phorus alloy is substantially magnetic, whereas the nickel 
phosphorus plating and the metallic precipitate are sub- 
stuntially non-magnetic; and the specific resistance of this 
nickel-phosphorus alloy is considerably less than that of 
the nickel-phosphorus plating or the metailic precipitate. 
There are also many other physical and structural differ- 
ences between this nickel-phosphorus alloy and the nickel- 
phosphorus plating and the metallic precipitate that are 
not here discussed at length in the interest of brevity. 
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Morcover, it will be understood that while the metallic 
precipitate must be melted to effect the production of th: 
nickel-phosphorus alloy described above, it is not neces- 
sary to maintain the condition of the melt for any pat- 
ticular time isterval. 

It has ulso been discovered that the “stray” plating 
that may occur iu an undesirable manner in a chemical 
nickel plating system of the character of that of the 
Talmey and Crehan fateut is substantially of the same 
composition as that of the metallic precipitate previously 
desciived; whereby this stray plating that accumulutes 
in the bottom of the tank in which the chemical nickel 
plating bath is stored, in the filters of the system, etc., 
may be accumulated and melted in the manner described 
above, cither alone or with the metallic p itate men- 
tioned, in order to produce the nickel-phos orus alloy 
dese >ed. In fact, the stray plating is also an amorphous 
solid comprising a metastable super cooled solution of 

osphorus in nickel and having no specific composition, 

t sormally covtaining, as produced, constituents com- 
prising about 88 to 94% nickel and 6 to 12% phosphorus 
by weight. Since the metallic precipitate mentioned and 
the stray plating mentioned are substantially jcentical, 
as a matter of composition, they may be melted together 
in order to produce the unique nickel-phosphorus alloy 
described. 

The salvage method described above is applicable to 
a wide variety of chemical nickel plating baths, such, 
for example, as those disclosed in the following U.S. 
patents: No. 2,532 283, Brenner and Riddell; No. 
2,658,841, Gutzeit and Krieg; and No. 2,658,842, Gutzeit 
and Ramirez. 

A preferred chemical nickel plating bath of extremely 
wide Utility is disclosed in the copending application of 
Gregoire Gutzeit, Paul Talmey and Warren G. Lee, 
Serial No. 569,815, filed March 6, 1956, now Patent No. 
2,822,294, granted on February 4, 1958; this plating bath 
essentially comprising an aqueous solution of a nickel 
salt, a hypophosphite, a complexing 2geat selected from 
the group consisting of lactic acid and salts thereof, and 
an exaiting additive selected from the group consisting 
of propionic acid und salts thereof. In this plating bath, 
the absolute concentration of hypophosphite ions is within 
the range 0.15 io 1.20 mole/liter, the ratio between 
nickel ions and hypophosphite ions is within the range 
0.25 to 1.60, the absolute concentration of lactic ions 
is within the range 0.25 to 0.0 mole/liter, the absolute 
concentration of propionic ions is within the range 0.025 
to 0.060 mole/liter, and the pH js within the approximate 
range 4.0 to 5.6. This particular chemical nickel plat- 
ing bath is most satisfactory in carrying out 2 wide 
variety of nickel plating operations and of course, when 
it becomes spent, it may be subjected to the salvage 
method to produce the nickel-phosphorus alloy previously 
described, 

In accordance with the present method, the previously 
described reaction product (the metallic precipitate or 
the stray plating) is\recovered from a chemical plating 
bath of the nickel cation-hypophosphite anion type, as 
previously descrited, and then subjected to suitable treat- 
ment to produce a fingly divided dry powder therefrom. 
Specifically the reaction product mentioned is first suit- 
ably dried and then, if desired, crushed in a jaw crusher, 
followed by further reduction in a roll grinder, followed 
by still further reduction in a ball mill. The powdered 
product of the ball mill comprises a particle size in the 
general range —200 to —325 mesh. Next the powdered 
product is treated with a suitable mineral ucid in order 
to leach therefrom all traces of iron and other like im- 
puritics, a 59 sulfuric acid solution being adequate for 
this purpose. ‘The product is then suitably dried and 
-getcened $0 that it is suitable for subsequent use. 

This powder is then fed into a reducing fame: made 
by relatively high velocity gases, for instance, in accord- 
ance with the Schoop process (sce U.S. Patent No. 

1,123,059 granted on February 9, 1915, to Max U. 
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Schoop); and specifically this powder may be fed into a 
conventional powder flame-spray fue, such, for example, 
os the “Schori” gun, “Metco” pua, etc; whereby the parti- 
cles are melted aad the resulting melt is projected by the 
flaming gases {rom the gun at a relatively high velocity. 
The gun is directed so that the projected melt impinges 
upon a sirface to be coated; whereby it adveres thereto 
forming a coherent coating thereon. In the process, the 
finely divided particles of the amorphous solid super- 
cooled solution of phosphorus in nickel are melted in 
the reducing flame, and the small globules of the re- 
sulting melt are hurled or projected onto the surface 
to be coated so that they accunulate aad cohere, as well 
as adhere, thereon; whereby upon cooling and resolidifi- 
cation, the previously described nickel-phosphorus alloy 
is produced in the resulting coating. Thus it will be 
understood that the finely divided amorphous nickel- 
phosphorus material that is fed inta the fame-spray gun 
and the nickel-phosphorus alloy of the coating are funda- 
mentally different from each other, bcth as to structure 
and physical- properties, as previously explained.—- 

For example, the article of manufactures 20 shows 
in Fig. 2 may be made in accordance with the above- 
described process. Specifically, the article 20 comprises 
a base metal body 21 formed of iron, copper, alumioum. 
etc., and a flame sprayed coberent coating 22 formed of 
the nickel-phosphorus alloy | wiously described. 

The Schori gun “Model L” operated satisfactorily un- 
der the following working conditions: ° 


Acetylene —cacosnsseccsancnncannatte OG in.. 16 
Oxygen Sn icessusecesesnssn Oe in 22 
Ale caccecccane oe pucsonsnecens Ob Ue 10 
Powder-feed rate -------- ee weeeee agm./min.. 16-20 
Best gun distance from surface undergoing 

coating in. 6-8 


The Metco gun “Modei E” operated satisfactorily un- 
der the following working conditions: 


Acetylene ...------------- cicumsanestt 0 idee 10 
Oxygen .----- ionnninenntens Se ee 
Air pees an oe 10 
Nitrogen (fed) .------- RAN 
Powder-feed rate -------- - -gm./min.. 20 
Best gun distance from surface undergoing coat-- 
Ty a 6-8 


The utilization of these two flame-spray guns is in no 
way critical, as they wer: empioyed entirely as @ matter 
of convenience; and it will be undersiood that any con 
ventional flame-spray gun may be employed. In the op- 
eration of the flame-spray gud, & reducing flame should 
be maintained by maintaining a slight deficiency of ox}"- 
gen to support complete combustion of the intiammable 
gas utilized, so as to sninimize oxidation of the melied 
particles projected by the flame onto the surface under- 
going the coating step; and while a wide variety of com- 
bustion gases may be eraployed, propane is quite satis- 
factory for the present purpose. 

Of course, it will be understood that in accordaace with 
the present method, a wide variety of materials may be 
coated including boto metullic and non-metallic bodies, 
and in fact even infammuble be?’.s formed of plastics, 
wood, etc., may be coated withc.. vurning thereof. How- 
ever, 1s a practical matter, the coatings are nonnaily 
applicd to base metal bodies formed of iron, copper, 
alumiaum and the usual alloys thereof, and in the coat- 
ing of such base metal bodies, it is highly advantageous 
to prepare the surface thereot prior to the cogting or 
metallizing step. Specifically, the surface must be clean, 
free from grease, water or other contamination. More- 
over, the adhesion of the coating is substantially improved 
by preliminary grit blasting of the surface. 

The composite coherent coating thus produced is nor- 
mally built-up in layers, each having 9 thickness in the 
general range 1 to 2 mils; v hereby the composite coating 
may have aay desired uliimate thickness. Like other 
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Schoop coatings, this coating js somewhat porous, how- 
ever, the porosity of the coating may be decreased by 
using relaiively small particle sizes in the powder that is 
fed to the flame-spray gun and by employing relatively 
higher velocities of the fame in the flame-spray gun. 
Moreover, after the coaling has been produced, the den- 
sity thereof may be increased by flame polishing with a 
seducing flame. Furthermore, che general appearance 
o? the coating may be substantially enhanced by wire 


brusbing, grit blasting, polishing, etc. While these coat- } 


ings in excess of about 10 mils are relatively non-porous 
fo werated boiliag water, the porosity thereof can be fur- 
ther reduced by impregnation with a suitable sealer, such 
as an organic lacquer or coating agent of the vinyl, ctc. 


The nickel-phospborus alloy ot -he coating is very ad- 
vantageous in that it has a relatively low melting poir: 
normally in the range 880° C. to 950° C., and the ph. 
phorus content thereof acts as a de-oxidizing agent result- 
ing in the capability of the molten droplets or globules 
fa wet most meta!’ even though they are coated with a 
thin normally unwettable oxide film. For example, base 
: metals containing substantially chromium (the usual stain- 
: less steels) are readily wetted by this alloy for this rea- 
son; wherers & coherent coating of the character de- 
| scribed “may ce readily flame-sprayed upon a base metal 
body containing substantial chromium; which coating is 
characterized by good adhesion, notwithstanding the usual 
vawettable oxide films carried by such stainless steels fol- 
lowing careful cleaning thereof. 

Moreover, in order to minimize oxidation of the drop- 
fets or globules that are projected by the reducing flame, 
a suitable fluxing agent may be advantageously incorpo- 
rated in the powder that is fed into the flame-spray pun. 


Such Fuxing compounds 2s sodium borate may be :m- ° 


pioved is: small amounts. By this arrangement, the mor- 


mal oxide content of the alloy (usually about 10 to 15% 


dy weight) in the coating may be reduced. 
Also, it has been discovered that a ternary alloy of 


zinc, nickel and phosphorus may be produced in the 4% 
manner descrited by feeding into the flame-spray gun 2. 


mixture of finely @ivided metallic zinc and finety divided 

‘ eaction product 9 the character described. In the ar- 
rangement, abou equal parts by weight of metallic zinc 
and reaction product are fed, in finely divided form, into 
the reducing flame; whereby in the coating thus produced 
there was a ternary alloy of zinc, aickel and phosphorus 
comprising constituents containing by weight about 50% 
zinc, 44 to 47% nickel and 3 to 6% phosphorus. Spe- 
cifically, in the arrangement, a 5 mil composite coating 
was provided upon a base metal body that comprised a 
2 mils inner coating bonded to the base metal body and 
a 3 mils cuter coating bonded to the inner coating, where- 
in the inner coating was form of the ternary alloy noted 
and the outer coating was iurmed of the binary alloy 
noted. This composite coating offered very rernarkable 
resistance to corrosion in a salt spray test, indicating a life 
of about 300 hours. 

In view of the foregoing, it is apparent that there has 
been provided an improved process of producing a co- 
herent nickel-phosphorus coating that may be carried out 
in a ready manner utilizing the conventional flame spray 
step of the Schoop method, as well as an improved cor- 
rosion-resistant coaling comprising a nickel-phosphorus 
alloy of the character described. 

While there has been described what is at present con- 
sidered to be the preferred embodiment of the invention, 
it will be understood that various modifications may be 
made therein, and it is intended to cover in the appended 
claims all such modifications as fall within the true spirit 
and scope of the invention. 

What is claimed fs: 

1. The process of producing a coherent coating, which 
comprises providing fincly divived particles of an aimor- 
phous solid supercooled solution of phosphorus in nickel 
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and containing about 88 to 94% nickel and 6 to 12% 
phosphorus by weight and characterized by alloying of 
the constituents thereof following melting and tupcen re- 
solidification thereof, wherein said alloy is characterized 
by ©= eutectic matrix comprising nickel and phosphorus 
cor <iituents containing about 59% nickel and 11% phas- 
phorus by we’ght and having as eutectic temperature of 
about 880° C., {ceding said particics into a reducing fame 
of relatively high velocity gases, whereby Said particles 
are melted and the resulting melt is projected ©) said 
reducing flame, and directing said projected meit onto 
a surface so 23 to produce a coherent coating thereon 
and adhering thereto that consists essentially of said alloy. 

2. The process set forth in claim 1, wherein said flame 
essentially comprises the combustion products of pro- 
pane and oxygen. 

3. The process set forth | 
ticles exsentially comprise th. 
a chemical plating bath of the — 
anion type. : 

4. The process set forth in claim 1, wherein said par- 
ticles essentially comprise the metallic precipitate tbat 
is formed incident to the decompocition of an aqueous 
solution containing nickel cations end hypophosphite 
anions. 

5. The process set forth in claim 1, wherein said par- 
ticles bave a size in the generz] range —200 to —325 
mesh. 

6. The process of producing a coherent coating up. i 
the surface of a base metal body, which comprises pre 
paring the surface of said body by cleaning and rougnea- 
ing the same, providing finely divided particles of an 
amorphous solid supercooled solution of paosphorus in 
nickel and containing about 88 to 94% nickel and 6 to 
12% p’ sphorus by weight and characterized by alloy- 
ing of the constituents ‘hereof following melting and 
upon resolidification thereof, wherein said alloy is char- 
acterized by an eutectic matrix comprising nickel and 
vhosphorus constituents containing about 89% nickel 

ad 11% phosphorus by weight and having an eutectic 
temperature of about 880° C., feeding said particles into 
a reducing flame of relatively high velocity gases, where- 
by said particles are melted and the resiting melt is 
projected by said reducing flame, and directing said 
projected melt onto the prepared surface of said body so 
as to produce a cohereni coating thereon and achering 
thereto that consists essentially of said alloy. 

7. The process set forth in claim 4, wherein said base 
metal goutains sufficient chromium to interfere with 
wetting thereof by molten nickel. 

8. The process of producing a coherent coating upon 
the surface of a base metal body, which comprises pre- 
paring the surface of said body by cleanii 4 and roughea- 
ing the same, providing fine'y divided particles of an 
amorphous solid supercooled solution of phosphorus in 
nickel and cdntaining about 88 to 949% nickel and 6 to 
12% phosphorus by weight and characterized by alloy- 
ing of the constituents thereof following melting and 
upon resolidification thereof, wherein said alloy is char- 
acterized by an eutectic matrix comprising nickel and 
phosphorus constituents containing about 89% nickel 
and 1194 phosphorus by weight and having an eutectic 
temperature of about 880° C., feeding said particles into 
a reducing flame of relatively high velocity gases, where- 
by said particles are melted and the resulting meit is 
projected by said reducing flame, directing said projected 
melt onto the prepared surface of said body so as to 
produce @ layer thereon that consists essentially of said 
alloy, and then re-melting said layer by directing a fiame 
of gases thereon so that upon resolidification of said 
layer there is produced a coherent coating upon the sur- 
face of said body and adhering thereto. 

9. The process of producing a coherent coating upom 
the surface of a buse metal body. v-hich comprises pre- 
paring the surface of said body by cleaaing and rousben- 


aim 1, wherein said par- 
tid reaction product of 
: . ationbypuphosphite 
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fog the same, provi’ -~ suely “)-Cued particles of an 
amorphous solid /ucovles_-ciution of phosphorus in 
nickel and cos--ung -t--=. 63 to 94% nicsel and 6 to 
125 pho” +us by weight and characterized by alloy- 
ine ge7-¢ Constituents thereof following meiting and 
resolidification thereof, wherein said alloy is char- 
"ierized by an eutectic matrix comprising nickel and 
phosphorus constituents containing about 89% nickel aad 
119 phosphorus by weight and having an eutectic tem- 
perature of about 880° C., providing finely divided par- 
ticles of a suitable solid refractory flux, feeding a mix- 
ture of said solution particles and said flux particles into 
a reducing flame of relatively high velocity gases, where- 
by said solution particles and said fluc particles are 
melted and the resulting melt is projected oy said reduc- 
ing flame, « cecting said projected melt onto the prepared 
surface of said body so as to produce a Juyer thereon 
shat contains both said alloy and said flux, and then re- 
reelting said layer by directing a flame of gases thereon 
so that an underlayer of said alloy and an overlayer of 
said flux is produced thereon, whereby upon resolidifica- 
tion of said underlayer there is produced a coherent coat- 
ing upon the surface of said body and adhering thereto. 
i0. The process of producing a coherent coating, 


a 


10 


20 


10 

which comprises collecting the metallic reactivua product 
{rom a chemical plating bath of tie nicke’ cation-hypo- 
phosphite anion type, finely dividing said metallic re- 
action product to produce a particle size in the general 
range —200 to —325 mesh, washing said finely divided 
particles with an aqueous solution of a mireral «cid to 
remove foreign impurity therefrom, drying said finely di- 
vided particles, feeding said dry finely divided particles 
into a reducing flame of relatively high velocity gases, 
whereby said particies are melted and the resulting melt 
is projected by said reducing flame, and directing said 
projected melt onto a surface so as to produce & coherent 
couting thereon and adhering thereto that consists essen- 
tially of a nickcl-phesphorus alloy. 

11. The process set forth in claim 6, wherein said 
base metal body is formed essentially of steel. 
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2,916,356 
CAST NICKEL ALLOY OF HiGii ALUMINUM 
CONTENT 
Edward Kf. Grata, Chicago, H1., and William A. Maxwell, 
Towson, Mad., nssignors to the United Siates of Amer- 
fea as represenicd by the Secretary of the Navy 
Original application July 19, 1956, Serial No. $32,128. 
Divided and this appiication October 16, 1956, Serial 
No. 616,355 
1 Claim, (Ci. 75—170) 
(Granted under Tithe 35, U.S. Code (1952), see. 266) 


The invention described herein may be manufactured 
and used by or for the Government of the United States 
of America for governmental purposes without the pay- 
ment of any royaltics thereon or therefor. 

This invention rclatcs to cast nickel aluminum alloys 
in which the aluminum is present in armounts in excess of 
10 percent by weight. 

Intermetallic compounds, such as the nickel-aluminum 
compound NiAl, are known to possess properties radi- 
tally different from those of their constituent elements. 
In the case of NiA!, for example, the melting point is 
high compared with that of nickel and aluminum, and 
there are important diffcrences over the constituent met- 
ale in modulus-of-rupture strencths and oxidation resist- 
ance at high temperatures. The intermetallic NisAl also 
possesses distinctive properties. 

NiA! intermetallic compositions nave been prepared 
heretofore by the methods of powder metallurgy, casting 
methods resulting in extremely weak, porous and fragile 
bodies, duc primarily to the high exothermic heat develop- 
fing in the mass, The present invention contemplates a 
casting procedure for nickel-aluminum mixtures with the 
aluminum in excess of 10% and, particularly, in the 
14-30% range in which the exothermic temperatures are 
controlled by the particle size of the mixed metals, by 
the method of heating, and by the sequence of treatment 
during heating. 

An outstanding object of the invention is to provide a 
east nickcl-aluminum composition which contains inter- 
metallic phase alloys and which possesses high tensile 
strength both at room and high temperatures. Another 
object is to provide a cast alloy of nickel and aluminum, 
containing at least 10 percent aluminum, which may be 
hot roiled. Still another object is to provide a cast nickel- 
aluminum alloy containing about 14 to 30 percent 
aluminum which, at high temperatures, is thermal-chock 
resistant and hard, possesses adequate impact strength 
and resists oxidation 

Additional objects are to provide a nickel-aluminum 
alloy with at least 14 percent aluminum which serves 
readily as a base for additional metal alloys, and which 
eliminates vse of fluxes in the alloy casting process. 

Other ot «cis and many of the aliendant advantages 
of this invention wiil be readily appreciaied as the same 
becomes betier understood by reference to the following 
detailed description when considercd in connection with 
the accompanyirg drawings wherein: 

Fig. 1 is a perspective view of the crucible and mold 
wnit partly tilted toward pouring position; 

Fig. 2 is » ct of curves showing change of hardness, 
density av ile strength for different values of alu- 
minum com oi. of the nickel aluminum alloy; 

Fig. 3 is a set of stress-strain curves showing the 
ductility of the nickel-aluminum alloy for different 
selected percentages; 

Fig. 4 is a set of curves showing the stress-time-to- 
vupture values of the nickei-aluminum alloy as a 
with Laconel; 
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arn 5 is a set of curves indicating oxidation effects of 
the alloy for different temperatures and in comparison 
with Nichrome; and 

Fig. 6 is a curve showing the variation of hardness of 
the nickel-aluminum alloy having 17.5 percent aluminum, 
with variation in the temperature of homogenization. 

In the manufacture of the alloy, the castings are pre- 
pared in a beil-jar vacuum induction furnace unit, as 
illustrated in Fig. 1, including the support casing 10, the 
base plate 11, and induction furnace 12, the mold 13 
and the bell-jar 14. The furnace comprises a tubular, 
refractory, alumina crucible 15, having an open top end 
for reception of the metal charge, an enclosing tubular 
coil 16 of an electrical conductor 17 serving to impart 
inductive heating flux to the metallic crucible contents, 
and a cooling jacket 18, provided with coolant connections 
19 and 20, surrounding the coil 16. The furnace is 
mounted pivotally on upright stanchions 21, one of which 
is shown in Fig. 1. The pivot rod terminates in a pinion 
22 cxternal to stanchion 21; and a rack 23, movable in 
sleeve 24 by mechanism (not shown) placed in the sup- | 
port casing 10, serves to rotate the crucible through a 
limited arc of movement for discharge of the molten metal. 

For convenience, and to eliminate spillage, the mold 
for the casting is attached to the upper edge of jacket 18, 
mid-point between the pivot points and on the side of 
the crucible which is below on pouring movement. The 
mold is secured detachably to the jacket so as to extend 
at right angles to the crucible axis, and, when the crucible 
is tipr d, liquid in the crucible flows directly inte the 
upper .nold 13 where it is solidified by cooling to room 
temperature. 

In order to prevent oxidation of the molten alumioum, 
air is withdrawo from the crucible space in bell-jar 14 
through the vacuum opening 25 in the base 11 which 
communicates with the vacuum pump through casing 10, 
Also, to prevent the molten aluminum from vaporizing, 
a slight positive pressure of an inert gas, such as argon, 
is maintained within the bell-jar. 

The raw materials used in the charge are electrolytic 
nickel (99.955 purity) and 2S aluminum (99.0+% 
purity). It is desirable that the nickel be prepared, not 
as a powder or grain, but in the form of discrete frag- 
ments or particles and preferably in the form of small flat 
chips; and the aluminum is used in smal! fragments or 
pieces ot l-inch diameter bar stock. In a typical treat- 
ment the nicke! chips are placed on the bottom of the 
crucible and the aluminum bar pieces over the nickel. 
When the alternating furnace current is turned on, the 
nickel acts as @ susceptor in the induction field and raises 
the aluminum temperature to the melting point The rce 
action between the molten aluminum and solid nickel is 
strongly exothermic, especially, for high-aluminum alloys, 
as 20 to 30 percent aluminum, and the charge becomes 
molten in a few seconds, where the initial charge weight 
is in the neighborhood of 400 to 600 grams. The melt is 
stirred effectively by both the chemical reaction and the 
induction field. About | minute after the start of the re- 
action (for the charge mentioned) the melt is poured into 
the mold. This is not a limiting or critical time period 
as the holding time may be extended, but the time should 
be definite and not be extended unnecessarily because of 
the tendency to vaporization and danger of contamina- 
tion by the crucible material. The mold substance is 
preferably copper in order to give a chill cast effect, but 
a ceramic mold is feasible although producing a jarger 
grain size im the casting. 

Ciose control ever the process during the melting and 
reacting of the constituent metals is obtained by control 
of the size of the sluminum and nickel particles in tho 
charge, the larger the pieces, generally considered, the 
better the control. The dissolving of the solid nict.ecl into 
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the molten aluminum retards the violence of the reaction free reduction per pass of 3.3 percent being obtainable 
end keeps the maximum temperature of the reaction at 2600° F. In this hot-rolling procedure, about 3 scc- 
down. In the case of powders, not only is the reaction onds were required to romove the ingots, to be rolled, 


gwuch more violent, but the gases entrapped in the powder from the furnace to the rolls. Even though the cold rolls 

during the cold pressing operation arc involved 6 act as a quenching medium, the centers of the ingots are 
during the reaction and producc large pores in the fused untransformed NiAl, as appears from microscopic cxam- 
mass. Consequently, this porous mass must be ground ination of polished specimens of rolled material. The 
leto powder and fabricated into useful form by powder fact that the alloy was able to sustain an approximatcly 


metallurgy methods. 16 percent reduction indicates that the untransfornied 
The nickel-aluminum alloy has been described ns con- 10 NiAl phase is plastic. 
taining 14 to 30 percent aluminum, This range is of The room-temperature tensile strength of the 17.5 per- 


Interest since, heretofore, castings of this alloy in the cent aluminum alloy rolled to 10% reduction is 73,400 
range possessing adequate tensile strength, ther- pounds per squarc inch, and with $0 percent rolling. 
gai shock and oxidation resistance and other desired 86,300 pounds per square inch. It is further noted that 

stics have not been obtainable. In addition, this 16 homogenization treatment of the ss-cast 17.5 percent- 
range includes the intermetallic phases NiAl and Ni;Al, aluminum alloy at 2400° F, increases the tensile strength 
and tests on these substances, as made by powder mctal- to 94,250 pounds per square inch, with no clongation. 
lurgy methods, show these alloys to have desirable prop- In addition, it is important to note that the tensile strength 
erties. In order to ascertain the propertics of the al- of the alloy is retaincd at clevated temperatures. For 
loy, east as described hercinabove, a scries of alloys with 20 example, at 1500° F. the 17.5 percent aluminum alloy 
different aluminum percentages, was examined as to hard- has a tensile strength of $2,900 pounds per square inch 
ness, tensile strength and density, and graphs showing (p.s.i.), as cast. Homogenized for 48 hours at 2000° F., 
these properties are found in Fig. 2. These graphs show the tensile strength is increased to $5,250 p.s.i. Rolled 
a linear decrease of density with increase of aluminum, SO percent at 2400° F. the tensile strength becomes 
an inercase in hardness up to about 25 percent aluminum, 26 50,000 p.s.i. As cast, with 0.5 percent molybdenum 
followed by a decrease; and a pronounced pcak in tensile added, the tensile strength becomes 52,600 p.s.i. and 


strength at an aluminum percentage of 17.5, in the al- rolled 34 percent at 2400° F., with 5.0 percent molyb- 
fey. On examination of the structure of this 17.5 per- denum ‘added, the tensile strength is $5,000 p.s.i. Of in- 
centage alloy by X-ray techniques, it is found to cor- terest also is the ductility of the alloy, the valucs of clon- 


respond to the NiAl plus Ni;Al phases of the nickel- 30 gation in percent for the as-cast alloy at room tempcra- 
aluminum phase system, Ni,Al being the intermetallic ture and as-cast alloy at 1500° F. being. respectively, 
phase containing approximatcly from 13.3 to 16 percent 0.6 and 2.9 percent, the homogenized alloys (48 hours 
aluminum and NiAl being the intermetallic phase con- at 2000° F.) for room temperature and 1500° F. being 
taining opproximatcly from 24 to 36.5 percent aluminum respectively, 0 and 2.5 percent, and the hot-rolled alloys 
35 (50% and 2400° F.) for room temperature and 1500° F. 


at room icmpcrature. 
It is pointed out that the 17.5 percent aluminum alloy being, respectively, 0 and 4.4 percent. 

not only possesscs marked tensile strength amounting to Tho nickel-aluminum alloys, containing from 14 to 30 
79,600 pounds per square inch at room temperature, but percent aluminum and prepared as castings with or with- 
also the hardness and density ore substantial. In Figs. out subscquent hot working, not only possess desirable 
3 to 6 are graphs showing other properties of the 17.5 40 propertics such as high strength, corrosion resistance and 
percent aluminum alloy. Fig. 3 illustrates the stress- low specific gravity but also are formed of metals readily 
strain characteristic of the alloy to the rupture point, not available as distinguished from the expensive alloying 
only for the 17.5 percent aluminum alloy but also for agents such as cobalt, chromium and niobium. Since the 
alloys containing 14 and 2S percent aluminum, the values alloy is corrosion resistant at room temperature it may 
corresponding to the intermetallic phases NiAl and Ni;Al, gg be used, for chemical equipment and dental supplies. It 
sespectively. Fig. 4 iMustrates the stress-to-rupture tims is, also, important to note that, if found desirable, 
for the 17.5 percent aluminum alloy as compared with strengthening, gain refining or deoxidizing agents may be 
Inconel, a refractory alloy capable of uses paralle! to the added to the nickel-aluminum alloy, without diminishing 
described alloy. Fig. 5 shes graphs descriptive of oxi- the alloy strength, such as boron, carbon, calcium, lith- 
dation properties of the described 17.5 percent alloy as go ium, titanium, molybdenum, the rare earths, silicon, zit- 
compared to Nichrome, both at 1800° F. The oxidation conium, vanadium, niobium, tani«lum and iron. For ex- 
gain of the 17.5 percent alloy at temperatures of 1500° ample, the tensile strength of 17.5 percent-aluminum al- 
F. and 2100° F. is also shown. Fig. 6 illustrates the loy at room temperature is increased from 83,800 pounds 


effect of homozenization treainent on the 17.5 percent per square inch to 88,600 pounds per square inch by the 
aluminum alloy for temperatures varying from 1200° F. 65 addition of 5.0 percent molybdenum, and to 92,600 
to 2500° F. the alloy being held at selected tempcraturcs pounds per square inch by the addition of 0.05 percent 
for a rumber of hours, as 48 hours, bringing about clim- boron. 

ination of as-cast heterogeneities, changes in composition Special attention has been given to the 17.5 percent- 
of the Ni,Al and NiAl phases and changes in the rela- aluminum alloy because of its outstanding tensile 
tive quantity of cach phase. The phase changes are ap- 99 strength and hot-rolling capability. However, alloys with 
parent from examination of photomicrographs, indicat- other aluminum percentages above 10 percent have de 
ing & progressive solution of the Ni,A! phase in the NiAl sirable values, as indicated by the typical room tempers 

which becomes compicte around 2400° F. Begin- ture data in the following table. 


ning around 2200° F., also, 2 necdle-like martensite siruc- 

ture appears in the grains on cooling, which appears to eee 
be closcly related to the increase in hardness as shown “aa 
in Fig. 6. 


It ig noteworthy that at 240° F. where all phases of 
the 17.5 percent-aluminum alloy have transformed to 
NIAI, the alloy could be readily hot-rofled, a reduction 
of 15.9 percent per pass being sustainable. Much small- 
er values of reduction were obtainable for this alloy at 
2200° F. and 2/00° F. amounting to 3.9 and 2.1 percent, 

iy. The only other alloy susceptible to success ne 
ful hot-rolling is the 28 percent aluminum alloy, # crack- 76 Obviously many modifications and variations of the 
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5 
invention aro possible in the light of the above 
teachings. it is therefore to be understood that within 
the scope of the appended claim the invention may be 
practiced otherwise than as specifically described. 

This application is a division of copending applica- 
tion No. $32,128, filed July 19, 1956. 

What is claimed is: 

A nickel-aluminum alloy casting having the combina- 
tion of superior hot formability, strength, room-tempera- 
ture and 1500° F. ductility, oxidation resistance and 
stress-to-rupture time, said casting being composed of 
an alloy consisting of the two phases Ni,Al and NiAl with 
about 17.5 percent aluminum, said casting being pro- 
duced by forming the nickel in small discrete chips, form- 
ing the aluminum in pieces each larger than each of said 
nickel chips, placing the nickel chips and aluminum picces 
in an induction furnace in contigucus overlying layers, 
introducing an inert atmosphere into said furnace at a 
pressure in excess of atmospheric, melting said aluminum 
prior to melting said nickel by applying clectromagnetic 
flux to said nickel said nickel chips thereupon dissolving 
inte the molten aluminum and reacting therewith to form 
said alloy and pouring said moltes alloy into a mold ex- 
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ternal to said furmace said mold being at a temperature 
below that of said furnace, an inert atmosphere at a 
pressure in excess of atmospheric being continuously 
maintained in the apparatus during melting, casting and 
cooling. 
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poration ef Sueden 
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17 Claims. (Cl. 117—22) 


This invention relates to flame spray coating fused or 
partly fused solids onto a surface for protection of the 
fatter or onto the surface of a ceramic body to produce 
an electric resistor coating thercon or other purposes. 

Flame spraying may be effected by projecting a spray 
of solid metal particles through an oxygen-acetylenc fine 
which fuses or parily fuses the particles. Further, the 
solid particles mzy be mixed with particles of iron oxide 
and aluminum, for example, which react exothermically. 
However, proicction of the surface, normally metallic, 
against oxidation at hich temperatures or the operation of 
the cleciric resistor at high temperatures requires the 
wse of highly refractory compounds which inherently in- 
volve problems in connection with their application by 
flame sprayinc. 

The present invention has for its object to utilize flame 
spraying to apply a coating largely comprising molybde- 
num disilicide, MoSiz. and if desired one or more of 
the other hichly refractory silicides of the transition met- 
als of groups IV, V and VI [titanium, zirconium, hafni- 
ym vanadium. niobium (or colombium), tantalum, chro- 
mium, tungsten}, such as. for example, chromium and 
titrynium disilicides, and also silicon carbide. 

According, to the present invention the individual pow- 
der particles of such silicon containing refractories coated 
with an oxide film of silicon dioxide are mixcd with 
powder particles of a metal, for instance aluminium 
or magnesium, which has a strongiy positive heat of re- 
action with oxygen in comparison with that of silicon. 
It should be observed that said silica film is formed ab 
ready at normal room temperature by the action of the 
a atmosphere as is the casc in all base metals. At higher 

temperatures, such as in flame spraying, the thickness of 

the silica film will increase. In any case, no special 

measures need to be taken to coat said powder particles 
{ with a silica film. 

In the course of the reaction taking place during flame 
spraying, the oxide film will be reduced whereby good 
sintering together of the particles sprayed onto the surface 

cv will result. The reaction between aluminium and sili- 


con dioxide is exothermic Im nature which means tha 


And aluminiv 


D ecther_of 
Surface coating on the object treatcd. ¢ course of 
process described can bc uriher amplificd by the 
addition of a readily reducible pulverulent oxide such 
as nickel oxide or cobalt oxide both of which have becn 
found to be particularly suitable. {This action depends 
thereon that said oxides give an intense mi 
aluniinium ereoy . aecte a 


ering togciher is thereby factitated also in respect 


uct. 


When comparing 
iron oxide, and fla 


nliowil point 


should be considered: 


aye with aluminium and 
me spraying with aluminium and sili- 
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the oxid sing, pa 

Teacting aluminium with i 

& many calor 

Xidc, which in part explains the act 
and alunvinium will not spontancously react aiumino- 
thermically with cach other upon ignition. However, 
such a reaction, once started, can be sustained by con- 

10 tinuously maintaining the temperature at an elevated point 
by artificial means, such as by flame sprayins. 

The reaction involving silicon dioxide further distin- 
guishes from that involving iron oxide by the fact that 
silicon will form. a lower oxide (silicon monoxide. SiO), 

15 having a boiling point of 1880° C. When scducing sili- 
cor dioxide this silicon monoxide may be formed, and 
when the temperature is about 1680° C. and higher. sub- 
stantial portions of the silicon dioxide may escape in the 
form of gasified silicon monoxide, SiO. : 

20 = Now to enable flame spraying of molybdenum disili- 

cide to be carried out, the temperature must te raised to 

a point at which the powder particics are fused or, at 

least, softened so as to be formable, which corresponds 
to a temperature of atout 2020° C. Owing to this ele- 
vated temperature at which the alumino-thermic reaction 
will be sustaincd. removal of the surf2ce film of silicon 
dioxide is effected by reduction and/or vaporization 
whereby exposed clean metallic surfaces are obtained 

30 which is a condition required for a satisfactory sintering 
togcther of the flame sprayed silicide coating. 

The practical applicability of the present invention is 
iNustrated by the following examples, the proportions cited 
being by weight: 


35 


25 


Example J 


A mixture of 92° MoSiz, the granular particles of 
which are coated with a film of SiO, and are of grain 
sizes ranging between 5 and 10 micra, $6 Al having a 
grain size of about 40 micra, and 3% cobsli oxide, is 

40 mixed with 154% polycthene and is extruded into a 
string ¥ inch in thickness. Such string is execliently 
adapted for flame spraying using a conventional spray 
gun and using acetylene and oxygen gas as fuel. Such 
fuc] may be adjusted to give temperatures about the 

45 2030° C. noicd above. 


Example 2 


In a pulverulent mixture of 90% MoSi;. 7% of an 

aluminium-magnesium alloy (30% Al, 50% Ms) and 

60 350 TaSi,, the silicide grains are coated in advance with 

a film of SiO,. The mixture is subjected to sintering in 

an atmosphere of hydrogen gas ot 1200° C. into a struce- 

turally uniform product which is then crushed in a ball 

mill into an average grain size cf 20 micra. This pow- 

65 dered mixture is suitable for flame spraying using any 
equipment adapted for the relevant purpose. 


Example 3 


For admixing into polyethene for flame spraying pur- 

60 poses as described in connection with Example 1, the 
following pulverulent mixture is used: 60% MoSiz, 20% 
CrSiz, 105 SiC, 8% Al and 2% ferroboron (11% B). 
the silicide and carbide grains being coated in advance 
with a film of SiO3. 

65 In the pulverulent mixture, according to the present 
invention, the grain size of the silicide or silicides is 
$0 micra or Iess, preferably 15 micra or Iess, and the 
content of aluminum powder is 1 to 10 percent by 
weight, preferably 2 to 6 percent by weicht. of the 

70 powder mixture, its grain size ranging between 10 and 
1$0 micra, preferably between 40 and 70 micra. 

It has been found by experiments that the amount 
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and prain sive of the aluminum powder has a critical in- 
fluence on the result abtaincil by the flame sprayiar op- 
ciation, An ahidion of between 2 and 6% Al will act 
fo minimize the oxide content of the coating obtained, 
which orvule conesponds 19 0 to S$ percent by weirht. 
Hf the alumunnor addit? a be taken substantially less 
than 22 or essentially in excess of 6%, the oxide con- 
fent of the coating will be increased to between $5 and 
9077. «As a mather of fact, if the aluminum content is 
less than 2¢% the coating will have silicon dioxide in- 
cluded inte it, and if on the other hand, the aluminum 
content exceeds 66%, the coating will instead have alu- 
minum ovide included into it. However, with an addi- 
tion of 1 to 10% aluminum it is possible, as a rule, to 
obtain fairly satisfactory results. 

It is of advantage to have as low as possible an oxide 
content in the coating, since a high content of oxides 
will reduce the impsrviousness of the coating and will 
thereby give rise to an intensified oxidation, especially at 
elevated temperatures. In addition, the mechanical 
sirencth of the coating will, as a rule, be lower if the 
oxide content is high. 


The major portion of the aluminum powder added 
to The mixture TT ae * ag wo 


and will form an oxide whic lown off as a loss. 

owcver, a small proportion of the oxide may remain 
in the coating. Its content of metallic aluminum will 
be very low, usually lower than 1%. 

As regards the grain size of the aluminum powder, it 
has been found that grain sizes of 40 to 70 micra will 
give good results with only a slight oxide content in the 
coating. whereas aluminum powder having a grain size 
of 1 to 2 micra will cause substantial oxidation of the 
surface coating, which would be due to the fact that 
such fincly graincd aluminum powder is substantially 
oxidized cven in its initial condition. In any case, the 
aluminum powder should be coarser than 10 micra but 
finer than 150 micra. 

The grain size of the silicide powder should be re- 
lated in a determined manner to the quantity of the 
aluminum powder. in that coarse silicide particles call 
for less aluminum quantity, it being understood that the 
coarser are the solid grains the relatively less is the 
quantity of SiO; which means that a less quantity of 
aluminum is consumed. The grain size of the silicide 
used should suitably be approximately 15 micra or less, 
and in any case Iess than 50 micra. The statement of 
a@ grain size of 15 micra or less should be considered to 
mean that 9069 by weight of the material have a grain 
size less than 15 micra. 

When flame spraying a pulvervlent silicide without 
the addition of a strongly positive metal, or a metal 
which combines actively with oxygen, the spray losses 
will be very great. This condition would be explaincd 
by the fact that in this case the surfaces of the silicide 
particles will be coated with a layer of silicon dioxide, 
or any such pre-existent Jayer will be thickened, which 
will prevent adhesion of the particles so that the latter 
will instead be blown off and get lost. If, on the other 
hand, aluminum powder is added, it is believed that the 
silicon dioxide will be reduced into silicon monoxide 
SiO, which is volatile and thus will volatilize whereSy the 
silicide surface will be metallic and more prone to fa- 
cilitate the sintering togethcr. However, this less of 
silicon monoxide implies a lowcring of the silicon con- 
tent of the silicide. When spraying tungsicn and molyb- 
denum silicides the highly volatile oxides MoO, and 
WO, will boil off but to a less extent than would be re- 
quired in order to compensate for the loss in silicon. 
Therefore, also when using molybdenum and tungsten 
silicides, the flame sprayed coating will be found to have 
a silicon content which is lower than that of the raw 
materials. 

When flame spraying a mixture of molybdenum di- 
silicide plus 3% aluminum powder the loss ia silicon 
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involved will be of such a magnitule that the com. 
position of the coating will correspond to the formula 
MoSi,9. ‘This composition corresponds to the eutectic 
between the compounds MoSi, and Ma-Si,. ‘The loses 
of molybdcnum trioxide and silicon monovide involved in 
such an expcriment means that the total recovery will 
amount to no morc than 30% of the theoarctically possible 
value. However, if aluminum powder should not be 
added, the recovery would be very much reduced and 
would only amount to 4 to 6%. If the powdered mixture 
contains a silicon content lower than that corresponding to 
the formula MoSi,, then the silicon content of the coat- 
ing obtained will be still lower than in the initial ma- 
terials, and at the same time a certain amount of Mo,Si 
will form. Since the resistance to oxidation of -this 
silicide is materially lower than that of the other two 
molybdenum silicides, the resistance to oxidation of the 
coating at elevated temperatures will be low. 


Example 4 


For admixing into polyethene for flame spraying pur- 
poses as described in connection with Exampic }, the 
following pulverulent mixture is used: 97% molyLdenum 
silicide composed by 4550 Si and 55° Mo and having 
grain sizes less than 10 micra, and 3% aluminum with 
finer grains thas, 325 United States mesh. 

The higher Si content in the silicide in this example 
has for its purpose to compensate for the Si losses in 
the spraying. The consposition of the coating obtaincd 
is nearly pure MoSi, (i.e. 379 Si and 63% Mo) and 
Al,O, and a small amount of oxide. 

What is claimed is: 

1. A composition for flame spraying on a surface to 
apply a coating largely comprising a silicide of molyb- 
denum, said composition including a refractory com- 
ponent comprising at least one compound selected from 
the group consisting of refractory silicon compounds of 
the transition metals of the fourth, fifth and sixth groups 
of the periodic table and carbon, said refractory <om- 
ponent at Icast largely comprising a silicide of molyd- 
denum and being in the form of powder particles which 
when exposed to the atmosphere automaticaliy form 
coating films of silicon dioxide interfering with their ad- 
hesion together; and a metallic component in the form 
of powder particles of a metal having a stronzly positive 
heat of reaction with oxygen in comparison with that of 
silicon and which is cffective at flame spraying tempera: 
tures at least softening said silicide to reduce said silicon 
dioxide films and cxpose clean surfaces for adhesion to- 
gether of said rcfractory component powder particles, 
said component powder particles being intermixed. 

2. The composition of claim 1 in which said silicide 
of molybdenum of said refractory compon:nt has a 
higher content of silicon than the desired silicon con- 
tent of the flame sprayed coating. 

3. The composition of claim 2 in which said metal 
comprises aluminum. 

4. The composition of claim 2 in which said metal 
comprises aluminum and constitutes from 1 to 10% by 
weight of the mixture of said components. 

5. The composition of claim 2 in which said refractory 
component has a grain size not greater than 50 microns 
and said metallic component has a grain size‘ ranging 
between 10 and 150 micra. 

6. The composition of claim 1 in which said refractory 
componcnt also comprises a silicide of tungsten and it 
and said silicide of molybdenum of said rcfractory com- 
ponent have higher silicon contents than the desired *''i- 
con content of the flame sprayed coating. 

7. The composition of claim 6 in which said metal 
comprises aluminum. 

8. The composition of claim 6 ia which said metal 
comprises aluminum and constitutes from 1 to 10% by 
weight of said components. 

9. The composition of claim 6 in whica &::i .efrace 
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tory component has a prain size not creates than $0 
micra and said metallic component has a grain size rang- 
ing between 10 and 150 micra, 

10. The composition of cliim 1 in which said metal 
comprises aluminum. 

th. The composition of claim’ 1 in which said metal 
comprises aluminum and constitutes from 1 to 10% by 
weight of the mixture of said components. 

12. The composition cf claim 1 in which said refrac. 
tory component his a grain size not greater than 50 
micra and said metallic component has a grain size rang- 
ing between 10 and 180 micra. 

13. The composition of claim 1 in which said silicide 
is composed of 45% silicon and 55% molybdenum and 
has a grain size Iess than 10 icra and, said metallic 
componcnt is composed of aluminum with finer grains 
than 325 United Statcs mesh, said silicide constituting 
97% of said mixture of components and said aluminum 
constituting substantially the balance thercof, said mix- 
ture of componcnis being admixed into a carrier medium 
destructible at flame coating temperatures. 

14, The composition of claim 13 in which said medi- 
um comprises polycthylenc and is extruded to form a 
string suitable for flame spraying cquipment. 

15. A composition for flame spraying os defined in 
claim 1, whercin said composition is in sintered and pul- 
verized form. 

16. A process for flame spraying on a surface a coat- 
ing largely comprising a silicide of molybdenum, said 
process including flame spraying on said surface a com- 
position including a refractory component comprising at 
least one compound sclccted from the group consisting 
of refractory silicon compounds of the transition metals 
of the fourth, fifth and sixth groups of the periodic table 
and carbon, said refractory componcnt at least largely 
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comprising a silicide of molyhdenum and bein in the 
fuim of powder particles whith when expred to the 
atmosphere automatically form thereon coating films of 
silicon dioxide interfering with their adhesion topcther, 
said composition further including a metallic component 
in the form of powder particles of a metal having a 
sironsly positive heat of reaction with oxygen as com- 
pared to that of silicon, said components being inte?- 
mixed and said composition being heated to tempera- 
tures at Jeast softening said silicide during said flame 
spraying and said metal being effective at said tempera- 
tures to reduce said silicon dioxide films and cxpose clean 
surfaces on said refractory componcnt particles which 
adhere together on said surface, said composition being 
heated during said flame spraying by means adding to 
the heat of reaction produced by said reduction of said 
films as required to maintain said reaction and said tem- 
peratures. 

17. The process of claim 16 in which said componcnts 
are admixed with a heat destructible carricr medium 
facilitating their handling by flame spray equipment, said 
medium being destroyed by the heating to said tempera- 
tures. 
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3.49448 
PROCESS FOR APPLNING TUNGSTEN CARBIDE 
PARTICLES TO \ WORKPIECE SURFACE 
Warren V4. Shwasder, 644 FE. Woodbridge, 
Detroit, Mich. 
No Drawing. Filed Aug. 19, 1957, Ser. No. 679,052 
4 Claims. (Cl. 117—22) 


This invention relates to » process for applying tungsten 
carbile particles fo a workpicce surfaec, 

Iisa conventional process to hard surface various types 
of cutting or wearing surfoces by means of weldins 
tunesten carbide particles to the surface. The conven- 
fienal process normally consists of heating tungsten 
carbide to above the 3000° C. melting point of the 
tungsten carbals and tien costing the molicn material into 
shot, which is then crushed into tiny particles ranging 
from 12 mesh to 160 mesh. Thercaficr, these tiny parti- 
eles are welded to the workpiece surface by the use of 
conventions! welding torches or the like. 

The disadvantage with the conventional process is that 
a large part ofthe tungsten carbide material is lost by 
vaporization, oxic::tion or dissolution during the welding 
process to form compositions of iron and tungsten carbide 
which do not have the hardness or abrasion resistance 
of ths crigine! tunesien carbide particle. Also, where a 
workpiece is formed of a ferrous material, the ferrow 
material ects us a dissolving agent for the tungsten carbide 
so that a grest part of the tungsten carbide is dissolved 
imo the molien ferrous material during the welding 
process at the point where the heat is applied. Thus, 
only a very small part of the original tungsten carbide 
actually remiine on the surface of the workpicce to form 
the hard coating which is desired. Since the price of 
funeasten ca:bu's is exirenrely hich, the loss of this mate- 
tial is an extremely expensive loss. 

Altempts have also been made to braze tungsten carbide 
particles to a vorkpicce surface, but these attempts have, 
for the most part bern unsuccessful because the tungsten 
curbide is not readily wettable and thus, the brazing ma- 
terial will not adhere to the particles. 

Thus, it is an object of this invention to apply particles 
of tungsten carbide to a workpicce surface to thereby pro- 
vide a hard surface, but in so doing, to prevent the loss 


of tungsten carbide: entirely or to hold this loss to an‘ 


absolute minium so that for all practical purposes there 
is no loss. 

In addition, it is an object of this invention to treat 
the tungsten carbide particles by surface coating them 
with nickel or nickel-nickel phosphide so that they be- 
come wettuble and may be welded or brazed to a work- 
Piece surface. 

These objectives are achieved by completely coating 
the tungsten carbide particles with nickel or with nickel- 
nickel phosphide. This coaiing acts as a sacrificial ma- 
terial which evaporstes, oxidizes, and also dissolves in 
iron. Thus. in application of the particles to a work- 
piece theie is ulmost no loss of tungsten carbide. Like- 
wise, the coated tunesten carbide particles are wettable 
and in the cise of nickel-nicke! phosphide, self-fluaing to 
some cXicnt whereby they may be easily brazed to a 
workpiece. 

Another obj.ct of this invention is to form particles 
of tunysion cvibide, suitable for use in hard surfacing 
workpieces, by crushing picces of cemented tungsten car- 
bide row material and then surface coating the particles 
with nighel ay mentioned above. The crushed particles 
normally consis! of a number of ‘ny particles of tungsicn 
carbide, each somewhere in the order of 2 to 12 microns 
in size. cemented toyether by approximately 5% to 25% 
by weight of cobali. The large picces of cemented tunz- 
sten carbide may be crushed mechanically into small size 
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particles in the approximate range of V4 inch to minus 
325 mesh as will be explained below. 

These and other objects of this invention wi!l become 
apparent upon reading the following description: 


Forming the Nickel Coated Tungsten Carbide Partiches 


The raw material particles for this process may consis? 
of cither pieces of tungsten carbide or large picces or 
chunks of cemented tungsten carbide. Where the firs: 
is used, the tungsien carbide is heaied to above its melt- 
ing point of approximately 3000° C. and then cast into 
pieces which are subscquently crushed into tiny pariicles 
which may range in size from 14 inch to minus 325 mesh, 
This is a conventional process of forming these tiny parti- 
cles. ‘The preferred raw material. however. is cemented 
tungsten carbide which consists of large pieces of tung- 
sten carbide contsining tiny particles of approximately 2 
to 12 micron size pieces of tungsten carbide cemented to- 
gether by approximately § to 254, by weight, of cobalt. 
These cemenicd pieces are crushed into the desired mesh 
size ranging from approximately “% inch to approxi- 
mately minus 325 mesh and are then used as the raw 
material. 

The raw material particles are then compleiely coated 
with nickel or nickel-nickel phosphide. The nickel cnat- 
ing can be obtained by dipping the particles in an elec- 
trolyiic bath containing nickel arranged to deposit a sub- 
stantialiy pure nickei plating on the outside surfaces of 
each of the particles. In the aiternative, the particles can 
be nickel piated by the use of the chemical process de- 
scribed in the patent to Brenner et al., No. 2,532,283 of 
December 5, 1950. Where the chemical process is used, 
the coating is in the form of a nickel phosphorus alloy 
which contains nickcl phosphide; the coating containing 
approximately $ to 14% phosphorus, by weight. 

In each of the coating methods, the tungsten carbide 
particles are compictely coated with a very thin coating 
of nickel. The thickness of the coating is not particularly 
critical, but the surfaces should be as compleicly coated 
rs possible. Thus, the time for dipping the particles in 
the elecirolytic bath coating will be simply that length of 
time necessary to form a complete coating, regardiess of 
thickness of coating. 


Hard Surfacing of Workpieces by Welding 


The nickel coated tungsten carbide particles may then 
be applied to a workpiece by means of placinz a number 
of the particles upon the surface of the workpiece and 
heating the particles and the workpiece surface with a 
conventional welding torch. The heat of welding which 
is quite high and would probably exceed the 3060° C. 
melting point of the tungsten carbide and thereby cause 
evaporation and oxidation or solution of the tungsten 
carbide instead causcs the nickel coating to fuse with 
the workpiece surface and it is the nickel coating which 
either evaporates or oxidizes or in the case of a ferrous 
workpiece, dissolves so that the tungsten carbide remains 
to form a hard surface. With this process there is little 
or no loss of tungsten carbide and since this tungsten 
carbide material is quite expensive, there is a large cost 
saving. 


Hard § irfacing by Flame Spraying 


Alternativeiy, the particles may be applied to a work- 
piece surface by spraying fine particles, somewhere in the 
range of approximately minus 1$0 mesh size, onto the 
workpiece and simultaneously flame heating the work- 
piece and particles. The flame spraying process of ap- 
plying particles to a workpiece is known in the art. Where 
tungsten carbide particles are used, most of the particles 
do not stick to the workpiece but rather bounce off dur- 
ing the spraying process. What few particles do stick 
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nates the ‘oss of the tungsten carbide mentioned above, as 
well as forms a wettuble surface on the tungsten carb.de 
Thus, the particles may be casily used in tre 
normal welding process or in the ordinary brazing proc- 
essés to form a hard surface on a workpiece. 

Where the particles are used in a brazing process, the 
phosphorus contained in the nickel-nickel phosphide coa:- 
ing on the particles a's as a flux so that the material is 
almost completely self-fluxins. Thus, the pbosphcrus 
reduces the melting point and since the particles con.in 
approximately 5 to 14% phosphorus with the nick:. in 
the chemical process type of coating, only a small amourt 
of extra flux is required. For example, where phospsorts 
type fluxes are used, approximately 12% by weight is 
necessary with approximately 88% niche, to form a good 
self-fluxing brazing alloy. Since the particle coating 


he loss due to oxidation, dissolu- 
However, by nickel coating the 
bed, the nickel coating, being 
as the particles travel tow 
ticle to the workpicce and 
d by the coating rather 
In some appli- 
{ Colmonoy No. 6 (a 
he Colmonoy Company 
cr act as an ad- 
1 has a low melt. 
thus increases the 
les to the workpiece. The amount 
if any is desired for any pat- 
tion, depends upon the speed of flame spray- 
he material of the workpicce, etc., and may 


rlickes as herein 
melied by the 


{ material is sustaine 
he expensive tun 
ns, @ small amount © 
alloy) made by 
to the particles to furth 
brazing materia 
plastic range and 


may be added 


ticular applica 
ing, the heat, t 


be determined by test. already contains 


12% phosphorus or close to 12% only 


a small amount of additional fiux is needed. 

This invention may be further developed within the 
scope of the foliowing aitached claims and according.y, 
it is desired that the foregoing description be read zs being 
an operative embodiment of this invention and not in a 


Hard Surfacing by Brazing 


the nickel coated tungsten carbide par- 
lied to the workpicce surface by means 
This can be accomplished by mix- 
acing powder in a dry unheated 
ng in the conventiona 


ticles may be app 
of a brazing process. 
limiting sense. 


state and then brazi 


1. A process of applying tungsten carbide particies to 
a ferrous metal surface to impart thereto hard weanng 
and cutting properties comprising crushing the tungsten 
carbide to a particle size in the range of 44 inch t> 
425 mesh, coating the particles with a thin continuovs 
film of metallic nickel, and thea applying the said pari- 
cles to the ferrous metal surface with sufficient heat to 
fuse the nickel coating to the ferrous metal, thereby bind- 
ing the particles to the surface. 

2. The method of app:ying cemented tungsten carbide, 
having cobalt metal as the cementing matrix, to a ferrous 
metal surface to impart thereto bard wearing and culung 
properties comprising first crushing the cemenied tun35- 
sten carbide to a particle size in the range of 44 inch to 
325 m-sh, coating the crushed cemented tungsten carbide 


the surface of the work- 
the workpicce through a brazing oven 
hot enough to melt the brazing ina- 
it to {use to the workpiece. The tempera- 
d varies with the particular brazing 
s determined by test. 

cannot be brazed 
bide is not readily 
However, when the 
disclosed, the nickel 
the nickel coated particle can 
to a workpiece surface. 

has been found 
¢ is Allstate No. 13 made by the 
h is a nickel bronze brazing pow- 
many other types of braz 
the purpose desc 
he brazing problem 


plying the powder 
jece then passing 


terial and cause 


material used and i 

Normally, tungsten carbide 
to a workpiece be 
wettable by the 


caute the tungsten car 
brazing material. 
kel coated as herein 
ng is wettable and thus, 
be easily handled 
One sample brazing 
suitable for this purpos 
Allstate Company, “his 
der or red. Obviously, 
terial would operatic 


material which 


and then applyi 


here is that Of = gurface with su 


a thin continuous film of metallic nickel, 
ng the said particles to the ferrous metal 
ficient beat to fuse the nickel coating to 


the ferrous metal, thereby binding the particles to the 


e workpicce rather.than tu 


brazing nickel to th 
use the particles 


bide to the workpiece beca 


thod as defined in claim 1 wherein the nickel 
coating upon the particles contai. s about $ to 14 percent 


any brazing matcrial which 


with nicke! and therefore 
kel to a workpiece would op- 


would serve in brazing nic 


thod as defined in claim 1 wherein the nickel 
coated tungsten carbide particles are further mixed with 
a low meking poiat hard brazing material before being 
applied to said ferrous metal surface. 


Hard Surfacing With a Diamond Matrix 


ated to hard surface a workpiece by 
sten carbide particles with 
such as bronze or moncl 
No. 6. The combination 


It is also contemp! 
mixing the nickel coated tung 
diamond purticics, plus a hinder 
or iron or iron plus Coimonoy 
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nitreguanidine in (NH) SO, 


reiietoen ot 
electrochemical reaction 


2. The 


euthoin i 


sets fe bet the true 
aecounting for the polaragraphic wave and not the cheni- 
eal reaction with soluble electrode as suggested by Breiner 
and cowerker 1 11.0, catholyte. 
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» ABSTRACT 


An analysis was made 


reduction process, X-ray and c 


The structure appeared ta be 


ators solid, \ 
nature of the substrate 

Metallographic examination revedded a 
conformity to the substrate 
the Variation in etching, tater aly 
platings, the lamellae lay parallel to the 
observed traversing the thie 
rorphons strie ture reverted to 


“ube 
heat evolution, 


temperatures with a large 


s of chemical Ni coating proce sscs.—The 
wovess is based on catalytic reduction 


of hypophospite ions. 
ix oxidized 


Basie reaction 
Kanigen! Ni petites j 
of Ni ions in tie presence 
piite anion in aqueous medium 

van with evolution of HT, the rate Voigt 
function of teiajpcr ture and hypoplusphite concentaten, 
This Oridation tohes pluce spontancously (homo,encous 
calution at clevated temperature, 
while, vider neutral or moderately acid conditions, the 
catalytic metal belonging to Group VIII 
of the pesiodie ayatent, particularly Pa or Ni, is required 
(catalytic heterogencous reaction), Wieland and Winkler 
(1) usstuned, on the dusis of organic unulogics, a catalytic 


“an 8 ' 
Plier by pope 


to the phosphate 


reartion) in alnoline 


presence of 


trade name used by General American 
and its licenses to identify the Ni 
product of a catalytic Ni 


U Kaien po 
Yransportation Corp 
deposit or costing which is the 


reduction provess. 


of the structure of the 
Heetroti Ailfraction 16 vealed that tl 


vatvad Chit jets ai the deport. 


~HPiaee profile, iehing v 
leis daberpy 
plane of the substrate. 


kness dimension frum substrate surface 
» erystalline phase mixture 


~~ the catatys iv Ne 
af 


Ni deposit produced | 
ee Ni sig eesdl Was 
curelated to and independent of the 


material, free of Vuicis, adel perio’ 
roduved a lamellar straciare 
yed ns Varistious in tliseotved i’, Te 
Growth faults were 
irregularities. The 


af Ni and Ni:V? ul low 


detee 


de-hydrogenation of the hypophosphite mice: WiC EES. « 


to the equation: 


wt, po, + 80 + HiliPO 


]1(11;PO:) 


Catalyst 
V pO) iOz~ hela pp Ose eer * 
Hypopl Metap! On; 
phorous phoi phorus 
acid aio acid 


pV peer hiates 


Ina study of the mechani of catiaay tis 
oxidation, Franke and Moench (2), sind 0) es % 
in lien of ML atoms, confines Wiclaad’s Uypotliens. + 
demonstrated that hypopl: spite ai not aetainy 
compose” the water molecule. 
If the aqueous alkaline Ly pophospiite se 
meentrated and contaiss eaters ob Leas y het 
ean be reduced, such as osi, Co, Cu. th, ALS 
su, cte., a durk spongy oF Justious precipitate i 


dt ents be 


tively 
whi 


Rn 


is 


s 
fal. 10,. Neer STRUCTURE 
when the solution is howied. tn the ease of Ni and Co, 
sath metal-phosphoras alloys are formed. 

Furthermore, if the metal eation present in the neutral 
op slightly acid hypophosphite solution is that of a 
euialytic metal such as Ni, and a catalytic solid sucface 
js imesrsed simultaneously, deposition will be limited 
to said surface and will continue until the solution is de- 
pleted of hy vophesphite ion or of the metallic cation. The 
gross equation was written by Brenner and Riddell (4): 


NiCl, + Nall,V9: + 11,0 Sale, Ni + Nall.vO, 
+ 21IC! 


The reduction of Ni ions appears to he caused by atomic 
(uasvent) HW adsorbed as a condensed Jayer on the catalytic 
surface. Concurrently, (ere is a secondary reaction among 
the hypephosphite Gard probably the phosphite) ions, 
atomie H, and Ni eations, resulting in the formation of 
Ni phosphide (possibly with a phosphonium salt ax inier- 
sndiate compound), 

The basic reactions exn be expressed tentatively by the 
following: 


(II) 


m(UPO)- Taragnd MPO) (11) 
2ilr — ll; ay) 

(PO3)> -+ 1,0 > HQLPO,)~ (’) 
Nit + QU Catdipes NIP + QULt rae) 


wi Catalyat Ni? Ne Ts éll+ 
+ 2.0 


TaN 
VO.)7 + 3NiT + (VII) 


From the catalytic surface of the solid, a stream of IT 
mibbles escapes, and deposition of a high Ni-low P alloy 
takes place. This alloy is itself a catalyst, so that the 
casting thiekt os wil! grow constantly for a certain time 
-wtiod, Which is jimited by the pli decrease and instan- 
tancous jon concentration, As ean be seen from Iq. (VI) 
and (WH), the pH ai the hath will drop as the reaction 
wroeveds. 

fiancral American processes. —The character of the basic 
teartion and the drawbacks of the Bureau of Standards 
swthod, ineluding puolished snodifications thereof, indi- 
sated the direction research and development work should 
tube for industrial production. 

Tue principal disadvantages of the original Bureau of 
Stardards process (3) are; slow rate of deposition, lack of 
stability af the hath in continnows operation, dull and 
ever rough pheing when the bath is acd for longer periods, 
touhomogenous deposits in the vertical dirsetion, and 
niitively high cost (uiniy hee ease of a short useful life 

+f the coating, solution). 

Study of a simple acid bath containing Ni and hypo- 
hesphite ious anda butfer such as sodium acetate revealed 
hatin order te obtain both maximum deposition rates 
“et optimum pleating Caality, reagent concentrations, ion 

‘atios, and cnitiol plL ave evitical (4). 

Kt was discovercd that the addition of divktecliain 


Matic dicarboxylic acids and/or soluble fluorides | 


vsaltnts”) will substantially mise the coating rate 
wh). 


fa chemical coating bath is to be used in a production 
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plant, i is very important to inerense the spaced i. 
useful life. The limit of phosphite coneeniiation. at wie 
nickel phosphite precipitates, can be raised frei. dot yo 
about 1.0 mole/l by judicious addition of eestain Ni 
chelating compounds, provided an “exaltane’ ts present 
to keep the deposition rate at a practical lever, i 

The problems of bath sts Dility is among Ue woost seviods 
in an industria! plant. The first visibie result oF execssive 
bath lability is tie appearance of foam (due ta excess 1D) 
and finely dispersed “black precipitate’ (Ni-P aie), 
which, because of its cnormous urea, acts asa Very arse 
catalytic surface. It was found that certain boaiitors, if 
vsed in properly adiusted aniounts, act selective cnaiay 
beenuse of geometric factors) on the stispenseaibis Getive 
nuclei) making hem neneatalytic, while they redice only 
very slightly the rate of Ni-P deposition on the sosid beady 
to be coated. 

In addition te the above improvements in bath: eon 
position, which are essential for industrial produetion, pew 
principles were establi-hed relating Wo continaeis Oper 
tion and plant design, based on the requiicnaents of 
catalytic reduction (7), as follows: (A) Beesise the plata 
rate ix an exponential function of temperature, Uses highest 
possible operating temperature (below the boting jest 
of the solution) is desirable in order to obtain taavinaia 
speed of deposition, (3) Tt is necessary to feed eomt ina: 
ously the consumabie reagents (Ni, divpophosphiie, 
hydroxyl ions, and stabilizer) in order to aneittiia boane 


Mun counting rate, optiauim quidity, and Lave the costiag 
Composition Coustant ina direction perperdiciiae te tae 
eatuytic surface. The regeneration chemicals can be 
added as concentrated solutions or powdered secids 
avoid bath dilution) if the bath is first cooled toc gecativeny 
low temperature (8, 9) (io prevent bath deeoioositiony. 
(C) It is possible to meter the regencration cueniieils 
ecntrolied by pID measurements beeauee the 
reactions in the bath are interrelated {seu Mg. (I,-(V1i. 
and tire is a fixed proportionality between the Quantity 
of hydroxy] ions requires: to keep the pla constant, the 
weissht.of Ni-P deposited, and the amount @7 hypopiies- 
phite consumed. 

The requirements stated above have been ascorporated 
into the industrial Nsnigen coatiag system, which csi be 
deseribed schematically as follows (7, §, 10). Tive atin is 
prepared and kept at a relatively low te:apernture of 
about 130°. It flows ito the coating tuna throweh a 
heat exchanger, which reisos dis tesaperature ta 2st 
210°R. From the coating tan! it is pumped tite gn re tear 


Various 


tion vessel where rengents are added i controied: ateouits 
to bring the solution’s components beck to hele original 
concentration, The liquer then flows through a titted send 
circulates back through the heater to the coating tana. 

The plant is designed in such a manner that wiest of the 
handling (pumping, filtration, ete.) of the bath is dene in 
the “cold” section. 

In many cases, When the interior of a huge vessel is to 
be confed, the part iteclf becomes the plathes Gaui. 

‘her Haat nny Weed until such tine as the cone bettie 
tion of it ious bids up to the point where nienes 
phosphite begins to precipitate. A procedure las been 
developed (patent pending), with several jmprovcncnts 
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Fic. 1. Constitution of the system Ni-P 


wider study, which allows removal of phosphites and 
reclamation of the used bath without introducing any 
foreign ions. 

Pretreatment of parts for coating by chemical reduction 
is casentially the same as for electrolytic plating. Because 
no eleetrieal equipment is needed in a chemical coating 
plant, soak-clewnns procedures are preferred, Sonie special 
techniques had to be developed or adapted for deposition 
of Nioon certain noneatalytie metals, alloys, and non- 
metals, 


ComvosirioN axp Constitution 


The chemically seduced metal coating sas pimarily 
metallie Ni containing 7-10 w/o PL Analyses were con- 
ducted for both metallie and nonmetallic impurities. Tic 
material uscd for this purpose was a quantity of deposited 
foil about 19 mils thick which had been stripped from 
panels specially treated to permit easy stripping. The foil 
was bright, smooth, and apparently free of surface imper- 
fectic 1s. ; 

Sp ctrographie analysis for heavier clements showed 
only trace amounts of M, Ca, Fe, Mg, Pb, and si. The 
term “trace” is a qualitative definition for less than 0.1% 
and probably Jess than 9.01%. Analyses for what sre 
normally considered interstitial elements vielded the 
following results: C, 0.04%; O, 0.0023%, N, 0.00054, 
H, 0.0016. 

The form of the phase diagrams wis originally mapped 
out by Konstantiney (11) in 1908; no work has been 
reported since. Tis version of the diagram is shown in 
Fig. 1. There is ne information on the sulid solubility: of 
P in Ni, although from considerations of size factor and 
rehitive cleetro-negativity, it might be expected to be of 
the order of 5 w/o. 

The low melting eutectic is a phase mixture of Ni solid 
solution and Ni. ‘Phe structure of the NAP phase wie 
reported hy Nowotuy and Henglein (12) as tetragonal: 
@ = BI Ape © 439A; e/a = 0.49. 
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Javestizations on the structure et the Ni deposit wei: 
carried out by Debye-Seherrer photograpie ot surtuee 
scrapings, Geiger counter tracings of suriace wfleetons of 
the platings, transmission photographs of stripped bites, 
and Jow-angle-seattering photographs ad gra chips, 

The Ni coatings showed the structure of it gather pelieatis 
solid substance with “liquid-lixe” disorder of ther utaiius, 
Vitkerent: base materials (such as .M, brass. steel, aud 
Bakelite) and different: pretreatments on ND taase phates 
had no appreeiabie influence on the stricture Gi Ue prt. 
ings. The ceposition of diferent thicwnesses (ei ails, 
on these base matedials had no influenee on tiie aden phous 
structure of the coating. 

The unique character of this physical state justities a 
short discussion of amorphous solids and the experanenta, 
evidence for describing chemically redtieed Ni peating es 
a liquid-like amorphous solid. The term “sanarphots” is 
often uscd to describe structural forms for wiiel tore 
specific terms can now be given. Ji stat depts hae 
dehydration products, a chaotic state Of aajgrewation ea 
he detected (13), ¢.g., small moleeuiny reps jese 
hound together in a quite irregular way shew a high. pore 
centage of free space. The diffracted x-ray intensity of thas 
vas-type, chaotic state extends continuetisty from the 
direct beam as in the ease of ditirertion eb giovs, The 
intensity of the scattered radiation in the Vieinity of the 
central beam depends on the difference in setter ina peer 
or electron density between the wo phases oF Lie porenss 
system, Other examples which show gastype scutteting 
are amorphous SiO. amorphous ALO, , atid hiaidy: dis- 
persed carbon binck (li). 

With colloidal crystallites, the senewhat Vopocbenied 
central beam and the broadened ditiractien lines are 
separated by distinet mining in the Gntensity. of ta 
seattered radiation, When the amorphetis or ervetandizen 


particles are squeezed close together, the interstices ae 
small compared with the party le size: the restataut 
intensity ef the low-angle seatterins Js consiieralny 
‘decreased. MI dense systems produce a wok, low-nce 
scattering, and this phenomenon can be dined Tor analysis 
of the internal structure of the amorphous Ni. 

A Jowiangle seattering x-ray photograph of round 
chemically reduced Ni showed the very pial scattering 
effect of n dense substance. This was probabiy not eitiserd 
by pores between the amorphous itresites hut by the 
inierolayer structure shown in the section On mactialeg 
raphy and representing pseudo varition= in Pew tour, 

In ordinary liquids, a clear intensity mini seriates 
the direet beam which is not broadened irom che first 
diffraction band, Le., the liquid hale. The x-ray: patterts 
are characterized by iw few wide bands, seneraliy less that 
three (15). Distances which frequentiy occur between the 
atoms or molecules of the amorphous solid correspend te 
eich halo ov the diffraction patter. 

The x-ray powder patterns of chemicaliy rete Ni 
and the Geiger counter tracings of pirates sutinees slewen 
oily one diffuse ring with a “d" spacing of 2OiA, ‘The 
oveurrence of only one ring together with tbe extietoely 
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small low angle scattering characterize chemically wiluced 
Ni deposits am liqqicl-lsher, clense, atnorpheus police, 

To the x-ray dingems of liquids and Viequicl-like suh- 
stoners, the position of the poak intensity of the first hale 
corsets approximately te the first strong line of the 
crystallizes! moditication of the same substance. Closer 
juvestigation of the peaks of the x-ray patterns have 
shown, hewever, that in some eases the peaks do nat coin- 
chle with the position of the strongest reflection of the 
crystallized compound, X-ray diagrams of vitreous silica, 
amorphous S¢ (obtained by quenching fram a melt), and 
amorphous explosive Sb are examples of liquid-like amore 
phous solids with shifts in the positions of the halo (14, 16). 

A viwal inspection of the x-ray diagrams of amorphous 
and crystallized (heat treated at 430°C) Ni seemed to 
indicate that a similar shift of the position of the halo 
cecurred with amorphous Ni, The sharp line of (111) 
reflections from crystalline Ni lay.on the inner side of the 
halo. Berause of the breadth of the halo and its diffuxeness, 
a quantitative estimate of the shift was dificult. 

Ring or line broadening could also have been caused by 
a very emall crystalline particle size, but the broadening 
would have been symmetrical about the sharp li» position, 
Furthermore, use of an approximate estimate of the halo 
breadth and the Scherrer formula for line broadening 
yiekled the ridiculous answer of a mean particle size of a 

few atomic distance dimension, Electron diffraction pat- 
terns of 15 different chemically reduced Ni deposits plated 
under a wide variety of different conditions and in ditfer- 
ent thickuerses confirmed the amorphots character of at 
least the surfaee Tayers, 

The density of amorphous Ni wax determined ina 
pyenameter at 2002 and found to be Daye = 7.85 x /ee, 

The powder pattern of amorphor Ni heated on N for 
1p hr at 430°C showed a sharp line sequence of two struc. 
tures. The Ni line. were casily distinguished, The remain- 
ing Mines indexed provisionally ona tetragonal lattice of 
parameters a = 901A ande @& 442A whieh is reasonably 
similar to the structure of NisP proposed by Nowotny' 
and Henglein (2). 


A Meranrocuariic Svepy or Cueiesuny Repecen Nr 


Preparation of xpccimens for optical metailoyraphy.— 
The first important phase of preparation was cutting and 
mounting specimens, The as-deposited coating was brittle, 
and simple cutting of a plated specimen with a hack saw 
tended to erack and flake off the deposit. It was con- 
venient to electroplate the specimen with a heavy deposit 
of Ni te provide xome support for the coating. The choice 
of Nias a backing material was based on mechanical 
properties and final etching characteristics. Probably Cr 
would be too Dritde to provide suitable support, and Cu 
would induce undesirable staining during etching. There 
wus no difficulty in distinguishing the electroplated Ni 
from the chemically reduced Ni in polished and etched 
speciniens, \ ‘ 

Metallographie specimens are normally mounted in o 
thermonetting Makelite under several thousand jai pres- 
gure. This methed tended to promote formation of cracks 
in the plate, the so-called “dikes” observed by others 
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Fig. 2. (Left) Microstracture of 10 mi chemically ree 
duced Ni on steel (etcheds. Fic. 4. (Right: Mierostricture 
of 30 mil chemically reduced Ni on steel (uneiebed,. 


(Fig. 2 and 3). The etehed structure revenled dars bands 
traversing the deposit from the substrate iLteriave to the 
surface. On removal of the etch by repotisiins, the dare 
band wax more clearly resolved as a truce emacs. 

It was possible to avoid the occurrense of cracks (whieh 
are artifacts) by mounting specimens in a roctactemnperia- 
ture-setting compound, Epon, Inanufaetured by the Shes 
Oil Company. This medium was mixed prior tu vasting 
with 58-10% by weight of triethylene tetranane Whicis 
acts as a polymerizer. During curing the temperature 
remained below 50°C and no pressure Was applied. Tic 
specimen was placed inside a polyethylene rhs. approxi 
mately } in. high, 1 in. OD, and ig in. thick, wileds rested 
on a thin sheet of polyethylene film, The iised resin wis 
poured into the mold thus fornied and allowed to sulidify. 
Mounts thus prepared were ready for polishing i 3 ir. 

Specimens for microexamination were processed as 
follows: (a) rough grind ona Delt scaler to create ae Tat 
surface, (b) rough kip ania east iron lapping Wines with 
oil-suzpended Carborundum abrasive. (0) rough potish 
(kerosene suspension of diamond powder). and id) fine 
polish (water suspension of Linde “BY sapphise powder). 

Routine etching reagents reeummeaded for Ni sdlevs 
were unsuitable for revealing the structure od us-iepesited 
chemically reduced Ni, An electrolytic ctelr Was devetopeal 
in which an electrolyte of 109% chromie acid in water was 
used. A cell potential of 2 vo applied for about 40 ee 
was usually sufficient. Both cast chemieaiy retiuewel Ni 
and heat-treated metal reacted satisfactorily to the stand. 
ard BeCh-HIC) etchant uscd fer Ni alloys. 

Analysia of the structure of chemically reduced Ni coatings 
hy optical mctallography.— Mort of the studies were cour 
ducted on 10 mil plates on steel panels. On oeeasion it Wie 
easier to reveal the detail of basie structiives on lump 
specimens of tank depo-its. 

In the unetehed condition, platings at 10 Magnitien. 
tion were completely sound and showed no porosity, 
chanieis, or other types of voids. The plate tenowed the 
fine contour of the substrate surface in amazing detail. A 
number of the photomicrographs show burr aud other 
agperities with re-cntrant angles. Tan all instances, the Ni 
deposited xo completely that there were no obscrvisbie 
voids between plating and substrate. 

Fig. 4 and 3 illustrage some of the conential structural 
characteristics of chemically reduced Ni costings. The 
structures reveal a peculiar array of parallel or concentric 
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Fig. t. (heft: Mierostrneture of tank deposited chemi- 
eally sEhisat Ni in eross seciion. Bia. 6. (Right) Miero- 
structure of tank deposited chemically reduced Ni in cross 
section. 
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Fie. 6. Uiity Mierostructyre of 10 mil chemicativ: re- 
duced Ni on steel (as deposited). Fig. 7. (eight) Miero- 
structure of a picee of tank deposited chemically reduced 
Ni after heat treatment at 700°C for 1 hr. 


striations. These striations are characteristic of periodic 
Variations of composition (presumably P) rather thin 
alternate Iameliae of diferent phases. Growth appears to 
originate at point centers or nuclei and develops at an 
equal rate in all directions, hence, the concentric circle 
pattern, When the two growth colonies meet, they generate 
a matching interface or fault. There is no evidence opti- 
cally that the match at the fault is less than complete. 
If it were not true that x-ray diffraction patterns indicate 
an amorphous structure, these faults would come under 
the normal designation of grain boundaries. But since a 
grain boundary connotes an interface hetween two unique 
adjoining crystallographic orientations, the ferm cannot 
be property uscd in this instance. It docs appear, however, 
that the atoinie disregistry at the fault is of the same 
degree as is thought te exist aba grain boundary, although 
this must be regarded only as reasonable conjecture. 

On thin platings of the order of 10 mils and less, the 
population of surface nuclei is apparently so high that 
the spherical growth fronts join as a common “wave” front 
nliost imndiately, and the resultant structure shows the 
haminations as parallel (Pig..6). 

Evidence that the striations in the as-deposited chemi- 
cally reduced Ni refleet variations in P content may be 
observed in microstructures of heat-treated deposits. By 
heat treatment the metustable as-deposited state reverts 
to the equilibrium phase mixture of Ni solid solution 
(containing very little P) and the: termetallic compound 
NiP. The population of Nig? particles may be used as an 
indication of the original P content. Fig. 7 shows the 
appearance of one of the original striations after het 
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Vie. 8. (Let) Microstracture of iu nai ehetnieacy, fe. 
duced Ni on steel ilustrating the eveer of mrt: Pn isres 
lurities on the occurrence of growth f fs 
Fie. 0. (eights Microstructure of lon, 

Ni on steel ihistrating the ciieet of suriace irre; psa ee > On 
the occurrence of growth faults in the deposit. 


— 


Fic. 10. (Lefty Microstructure of Wail che mic uP 
duced Ni on steel illustratig the growth of Cjwis ; 
reduced Ni around the burr of a sheared edge, Fie. 1 
(Right) Structure of as-cast chemieaty redived Ni-—pr- 
mary dendrites of Ni in a eutectic o: Ni an Ni- a 


treatment, and it ean be seen that the nuiaber of Ni i 
particles within the striation is less tian eneitie Peiiger, a 

All the as-deposited coatings (Fiz. 4 atei G) sien : 
series of secondary striations radiating Tron. ine 
nucleus points or the suriace. These secutdary riviations 
were discontinuous in pattern, and appenred ony ot 
etching. Therefore, they reflected some variativn « 
chemiesl content. There was no vestige of thera afte 
heat treatment. Their nature could not be deduced ire. 
atudics so far pursued. 

Three microstructures are presented to illustrate: t. 
influence of surinee La Seca on Vie struvtiase o 
deposits on steel panels. Fig. Sand show the Geeiise: 
of burrs deft on the steel i machiniig, Ta each distin 
growth faults originate from the surface ireewularities. 4 
particularly detailed picture of structures and joowt 
faulting is Hustrated in Fig. 10 at a sheared edge of. 
steel panel. 

Vig. Sis particularly important te the poses Cheer 
the deposition process. In the first ret of jamacer striate: 
in the deposit, the displacement in adjoining giowtis ote. 
is the same as the original displacement of Uae two sues. 
levels on the steel. This indieates that growth rates oo 
identical everywhere in the immediate vieinity, wid tl 
modifications in the reaction kinetics whiel deve 
different P content deposits oecur at the same time ove. 
the surface, irrespective of their projection inte U 
solution. 
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Natare of transforrations, Since it was concluded 
that the as-dejreitel Ni may be interpreted as a liqquiel- 
like stricture in whieh the primary alloy element, P, ix 
yawlomly distributed on an atomic scale, the structure is 
metastable, both with respect to crystallinity and with 
respect to an equilibrium phase mixture of Ni solid solu- 
tien and a Ni-P intermetallic phase, NiP. 

The ultimate equilibrium state was casily developed 
by melting a lump of chemically reduced Ni originally 
deposited on tank wails, The microstructure iMustrated 
in Fig. 11 shows primary dendrites of Ni solid solution 
and 2 fine but pese!vable eutectic of Ni and an intermetallic 
compound. ‘The actual configuration seen in Fig. 11 is 
characteristic of the seliciifieation process, but the products 
of crystallization. are identical to what must ultimately 
derive from heat treatment of chembecally reduced Ni 
below its melting point. X-ray differee’ om powder patterns 
of the cast materia) gave a ship petrere fiow which lines 
of the Ni structure cond be exsily car? geished irom 
those of the intesauetallie compound. 

Metallogrspien of heat treated chemicaily reduced Ni— 
Fig. 12 ane 13 ivustrate structural con weurations devel- 
oped at two temperstures of heat tr atment, In cach case 
bg transformation proceeded to equilibrium as revealed 
py Xray diffraction patterns. The transformation to 
equilibrium proiaced a dispersion of Nis? in a Ni matrix. 
Clearly, the size of the NiP particles was temperature 
dependent, ic., the lower the heat tre: tment temperature, 
the finer the dispersion, The strrecure of a specimen 
annealed for} hr at 400°C was so fine that the particles 
cannot be inediividiativ resolved. 

Geneiay. it iaay be inferred from such a sequence of 
microstructitves at the finer the dispersion, the harder 
the structure. Thi is shown by hardness texts which show 
a progressive deciine in- the hardnesses of structures 
annenlen at 406°. Sly”, 600°, 79. and $00°C. Hardnesses 
for these temperatures (i hr as a) were 1195, 980, 739, 
065, and 544 VIIN, respectively. ‘vrthermore, it may be 
inferred that if sone ductility can be jaduced in this matec- 
rial, it will be by annealing at 00°C or as close to the 
melting point as pessib'. 

Kinetics of trate formatic.--Tt was found by experiment 
that hurdaces can serve ae atoal for following time depend 
enee of Ue state of transforsaation, Coupons were cut 
fron a atest paved plated ev a 10 iil deposit of chemi- 
tally reduced Ni, The coupons were then annented for 
specific ties at OP, BON", oF 400°C, Viekers hardness 
Menstrenaits Were taken ot the heat-treated Ni in the 
plane of erurs section after cold mounting and polishing. A 
microharduess (ster is amendatory for this type of work. 
In thix instance, a Joa estrument with a 100, load 
was wed. THeperte! hardnesces are averages of 5-10 
Theastireinen’ 4. 

Trev’ of Lardiuess va. teae for these temperatures are 
shown ie fig. 14, At 400°C 2 hardoess peak be echoed in 
about 10 min Actually, be tion puticrns the 
amorplears buses disappears dRer on min at tempers- 
ture ait only the sharp lines of Ni and NiP appear. 
There ix a question then of why hardnen continues te 


Fic. 12. (Lcf6) structure of chemicaily reslieed Ni itier 
heat treatment for 1 hr at 590°; dispersion: of Si in a 
matrix of Ni. Fie. 13. (tight, Structure of CLO CMY TOs 
duced Ni after heat treatment for } hr at wr; dispersion 
of Ni;P in a matrix of Ni. 
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Vig. 14. Wardness of chemicully reduced Ni vs. time and 
temperature of heat treatment. 


increase after 1 min. It may be that transfection pro- 
ceeds by two sucecssive processes: a reversion, frotis Unies 
cooled Jiquid solution to a supersaturates erystisine 
solution, then a rejection of NisP from tie cryetacine 
supersaturated solid: solution. There are dvaeices th 
relative intensities of lines and in the occurrence of certian 
lines in patterns taken after } min wad alter GO min of 
heat treatment. Whatever the processes IVeved, the 


times are so brief that contro! short of cuzaplete trans- 


formation would he impractical. 

At 200°C, even after 21 hr of heat tvatiaest, there Was 
no measurable change in hardness. X-ray putters also 
showed the same amorphous halo observed in the as-de- 
posited state. Accordingly, it may be conended that no 
‘transformations occur at 200°C, at least nene witidn 20 hr, 

The 300°C snneal, as expected, followed a treted oF stow 
transformation. Hardness continuously ineieased over is 
Zhe period, As at 400°C, the amorphous stricture, 
although it persisted for at least S min at ten gecratire, 
disappeared long before the hardness reached i pe on Value. 

Thermat evolution during heat treatment af clenicails 
reduced Ni-—One of the main question» recording the 
nature of the as-deposited metal is whetier the stinetute 
ix that of an undereooled liquid or of a subunicrescepieiiiy 
fine-grained supersaturated setid solution. Li the portive 
size of crystalline aggregates: is small cneasi, tie Lae 
bre lenin conceivably could approach the micegactuede 
customesny fiend with urderevoled liquids. One of the 
rote Sa le, — between thes: aiternatives i> 
the eh % study of x-ray low-angle-seattering aud X-ray 
di texetion characteristics whieh are discussed in another 
eee jon of this paper. 
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TIME ~ MINUTES 
015. Dillerential heating curve of chemically reduced 
Ni. 


A second inethod whiek can give a qualitative indication 
ig seme measure of the magnitude of thermal evolution 
accompanying the transformation of the as-deposited 
metal to the equililrium phase mixture of Ni and Ni,P. 
Invariably, jatent heats of fusion are substantially larger 
than Jatent heats of crystalline state transformations. For 
instance, the latent heat of fusion of Fe is 3700 cx /z-moale, 
whereas the heat of transition from a — 7 Fe is only 
210 cal/e-nole; under adiabatie conditions these would 
correspond to temperature rises of 320° and 21°C, respee- 
tively. A survey of available data on lateut heats of trans- 
formation indicates that they are all less than 1000 aul /z- 
atom and usualy much Jess. Such thermal evolutions 


should then ineur ideal temperature rises of less than . 


100°C, but since an ideal adiabatic system is very ditficult 
to attain, the temperature rises should actually be con- 
siderably irs. 

A simple experiment: was devised to study” thermal 
evolution effects in chemically reduced Ni, Two pieces of 
Ni tank deposit in the form of plates about 0.020 in. thick 
nnd fo cm? area were chipped to size, One pices was heat 
treated jn advance so that no further transformations 
would occur, A fine wire ehromel-aluael thermecouple 
was spot welded to cach of the picees sud comected in 
opposition ta oa Speedomax recording 
potentioneter. Each of the pieves of chemically reduced 
Ni was set ina test tube for convenicuce of handling, and 
the assembly wae iamersed ina lead bath. 

Sine heth pieces were heated at about the sume rate, 
iferential potential remained about zero, At 100°C, as 
reeorded by an ausiliary themtocouple, there was a sharp 
rise in dilicrential potential which lasted for about 1) min 
and then disappeared. A reproduction of this portion of 
the record is show, in Fig. 15. The burst of differentisl 
potential verified that the chemically reduced Ni liberated 
a substantial siount of heat on transfonaation to its 
equilibriuin state. Furthermore, it is obvious that the 
transformation rate at 400°C is extremely rapid. 

The maxima differential potential wax 5 mv, which 
corresponds to temperature rie during transformation 
of 122°C. Since che conditions of testing were far from 
atlialatic, this correspumled ta a thermal eve tion af 
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consideraldy mere than 10000 col gence. These tec 
Jend suppert to the hypethesia that o--depussted choad 
cally reduced Ni is an underenoled liquic. 


SemMANY 


The Ni deposit containing 7-10 wo P pradieed by tie 
catalytic Ni deposition process has been ivtind fo poseves 
a dense, amorphous, iiguil-like structure. Tt is ysoladty 
the first occurrence of a aimorpiedis Metallic stad ie 
inassive form. The structure b unrelated te the nature af 
the substrate, manner of preparotion, casi thiekness, The 
deposits were shown to confers, Within oie erapie 
resolution, exactly to the suds: contour of to oybstrate, 
The depesit itself showed ae jp cosity bat in der etched 
state revenled striations in etching intensity and growth 
faults originating frovs aap cities in the subatraie eurtiaece, 
These striations in cteing intensity. were interjected a9 
banded variativas in P conteny 

The asdeposited state of eh aieaiiy reduced Ni is 
highly metastable and at 300°C or above reverts tapidiy 
to the equilis sium condition, . oa pleas mixture of crystal 
line Ni and erystalline Nise. The dispersion of NiP in Ni 
can be used as a means for promoting and controlling 
hardness of heat treated chemically reduced Si, 
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Decerber 30, 1972 


Mr. Stondsck 
Ernest F. Fullam, Ine, 
P.0. Box 444 
Schenectady, N.Y. 12301 


Daer Me. Stondacks 


As por our telephone conversations, I an enclosing three 
costings on 1020 steel substrate for electron microprobe 
analysis. The sacplas ara c:rked as No. 1, No. Z and Nee 
3. They are 4n “as oprayed” condition as you requested. 


Please analyza sarpis No. 1 for Nickel, Aluniouc, Mieket 
Aluainide, Nickal Cride ard Aluminun Oxide, Nickel Aluafaide 
msy ba in tha form of NiAl, WAL, cr RisAL. 

Samples No. 2 and Ko. 3 ara very sinilar to No. 1 but we 
want to astermins the amount of lead and chromium fa the 
elemental state-or in the oxide state, 


Please advise cost prier to initiating work. 


Very truly yours, 
BUTECTIC CORIPATION - 


MPthpe Mahosh Patel 
enc. 


504.44 


' The report concerning the three coated steel samples is at- 
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PX-10 
= ERNEST F. FULLAM, INC. 


ELECTHONM MITHOGC ONY - OIF FRACTION - MICHOPROGE AMAL TRIS 


°.0. DOK 444 + GCHENECTAOY, NEW yOuK $2301 - 816/765-3933 
SCENT CONSULTANTS . 


January 18, 1972 


Dr. Mahesh Patel — os 
Eutectic Corporation 

40-40 172nd Street 

Flushing, New York 11358 


References: Letter M. Patel to I. T. Stoneback of 12/30/71 

Quotation #03507 of 1/5/72 re 
Purchase Order No. 67098 of 1/10/72 

EFF, Inc. Job #1476 ; _ @ 


Dear Dr. Patel: : 


of 


tached to this letter. The analysis was done using X-ray. 
diffraction, energy dispersive analysis, and electron micro~- 
probe analysis. 


Wo trust the results will be helpful to you, and if we can be 
PS apleaaaal service to you, please do not hesitate to write or 
call. : 


e ° e 


Very truly yours, 
FPNEST F. FULLAM, INC. 


4:£.3: / eth - 


Pa as 
Selby E. Summers . 


Jo Pe. Ca Hen 


uis MH. Osika 


SES: 1ga 
Attachment : 8 
= e 
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LMUMNEST F. FULLAM 
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Sebeonife Consndrants 

P.O, BOR 444 © SCHHENTCIALY, Hw. ¥, 12908 


X-Ray Diffraction & Electron Micrcoprobe 


Analysis of Coating on 1020 Steel Substrate 


for 


E.tecti. Corporation 
Flushing, New York 


Report #1476 January 18, 1972 
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F) BARNEY FF. FULLAM E 882 
INCONFONATED 
Seicutifie Conndiants 
P.O. DDR 464 «© SCHENECTADY, H. ¥. 17908 


il For: Eutectic Corporation 
 . Flushing, New York 
January 18, 1972 


(| : ; ‘ X-RAY DIFFRACTION AND ELECTRON MICROPROBE - 
- ‘ ANALYSIS OF COATING ON 1020 STEEL SUBSTRATE © 


| Three samples of coated 1020 steel were submitted, -° 
(| _ fox both X-ray diffraction and electron microprobe analysis. 


These were designated as samples No. 1, No. 2, and No. 3 in 


i . A letter from Dr. Patel dated December .30,. 1971. 

The purpose of the analysis was to examine sample 
| : No. 1 fox compounds of nickel and aluminum such as NiAl, NiAl,, 
ii ‘or Ni ;Al, as well as other comp. ds of nickel and aluminun. ~ 


The other two samples were to be analyzed for chromium and 
- , lead. : 
| 4 * The sprayed diate on sample No. 1 was midis by 
X-ray diffraction and found to consist mainly of elemental 
ss nickel with a trace amount of y-aluminum oxide. A atandard 
@iffractometer analysis detected only, elemental nickel, but 
| ‘on examining the coating in a scanning electron microscope, 
Ike ‘particles of a non-conducting material were apparent. A 
- typical area is shown in Figure 1. Energy dispersive X-ray 
lf... * analysis on these particles indicated they were very high face. 
-\ aluminum, whereas the matrix {positions Ae Be ‘and 7 on the | ®. 


weer" 


oy 
micrograph) mat2rial shoved relatively small amounts of alu- 


taken from tha ape spoe of. thc sprayed *8AaGing. The resulting 
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hi minum. A Debye~Scherrer pattern was run of the ‘scrapings 


‘ . : . a pein : ; . ° 
AL TT ye lt halt — ; E 8 8 3 : 
Seleuufie Conuhinte —~ 
P.©, ROS 444 © SCHINECTAOY, M. ¥. 12908 
' Eutectic Corporation 
Flushing, New York 
January 18, 1972 
Page +e ‘i 


powter pattern registered three very weak lines besides the 


strong elcmental nickel lines, and they were identified as 


|! y-aluminum cxide. The data and the appropriate identification 
of he Bray oattern is shown in Table I sveented te tks 
‘re, ort. a ; : : 
{| ) Samples No. 2 and No. 3 wer'e analyzed with the elec- 
tron microprobe for chromium and lead. Both samples were 
{| polished in cross section in preparation for the analysis. 
| A 30 micron diameter beam was used fa order to obtain an av- 
is "erage concentration since the chromium and lead were not homo- 
(| * gencous in the sample. An example of a caromium rich phase 
‘t., ° ds shown in Figure 2. The micrographs show the topography of 
| . the polished surface and the variations ip composition. The 
| dark areas arc either voids or elements with low atomic nun- 
_ber. The 1020 steel is in the lower left corner. From the 
{| _composition picture, we can see. grey phases, which, in some 
iT “eases, are rich in chroniun ss from the X-ray image showa 
in Figure 2. 
(| ' ~The lead and chromium concentrations shown in Table 
i II were ebtatast by point counting 100 seconds at each point ° 


> oa relating the intensity to pure material. Sample No. 2 
| seemed to have ayentes segregation of chromium than sample | 


No. 3. In one cone, ‘the chromium went as high as 16 percent. 
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‘Eutectic Corporation 
Flushing, New York 
January 18, 1972 
Page Three 


t . e 


This particular spot is shown in the brightest area ef the 
X-ray image shown in Figure 2. The led concentration seemed 
to be more uniform, as shown in the included data. | 

Although the average | value is snown in Table II for 
each sample ang each clement, it must be realized | that the 
segregation shown would make it difficult to obtain a concen- 
tration representing the everall coating. This is particularly 
_ &eue for sample No. 2. However, the data does show there is 


more chromium and lead in sample No. 2 than in No. 3. 
: Ae : a 


* 
eget 
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cout. M. Silke 
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TABLE II 


fa 


4 


“Concentration in Weight Percent of Lead and Chromiua 


in Coatings on 1020 Stcel Substrate 


of 


Sample No. 2 


Sample No. 3 


cr Pb cre 
0.2 0.4 ee 
4.2 si 0.4 0.2 
0.1 - 0.4 * 0.4 
c.5 0.3 0.1 
0.6 0.3 0.1 
0.5 0.4 
0.4 p , ' 0.2 
0.9 0.4 aod 
0.4* oe a 


Pb 


“> 


0.07 


oo a, 


011172-1 300X 


eee 


~—mwen * 


Figure 1 - SEM Micrograph of Sample No, 1 
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Figure 2 - Scanning Images of Sampic No. ¢ Showing Topography. 
: Composition, and X-ray Image for Chromium 
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UNITED STATES PATENT OFFICE 


CERTIFICATE OF CORRECTION 
Patent No. 3,322,515 | May 30, 1967 


Ferdinand J. Dittrich et al. 


It is hereby certified that error appears in the above mwazbered pate 
ant requiring correction and that the said Letters Fatent shoald resd as 
sorrected bslovw. : e 


Column 3, line 49, strike out “the”, second occurrence; 
column 7, line S, for “as" read -- at --; line 7, for “de- 
posite’. read -- deposit --; line 69, tor “aluminun" read -- 
alumina --; column 9, line 6, for “sprayer" read -- sprayed 
e-3 column 16, line 7S, for “reactiing" read -- reacting --. 


Signed and seal:d this Sth day of December 1967. 


SEAS) 

attests : i 

Edward M. Fletcher, Je. EDWARD J, BRENNER 
Attesting Officer Commissioner of Patents 


y ¢ 
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United States Patent Office 
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3,322,515 
Patented May 30, 1957 


BNT2.S08 
FLAME SICUAVING DN OETIERMHCALLY RFACT. 
ING INCE RM EALTIC COMPOUND FORMING 
COMPOCTEES f 
Fevdinwn td &, Oitteih, Te enene, ad Actor P, Shepard, 
Phisting, NOV. asians fo Meten, Int. a corperation 
wt New ferees 


Dated Stir, 22, 1968, Ser, Na. 442,727 
28 Ctrl, (CL 29—191.2) 


This is a continuction-in-part of copending applications, 
Ser, Ne, T2833, Hid Now, 22, 194), now abhsadoned; 
Sep. Ne. $34,544. tiled Aue. 16, 161, now Patent Na. 
* 254,97; Sor, Na. 237,756, filed Oot, 3K, 1762, now 
abowtoncd: and Soe, Na, 243,708, fited Keb, 10, 1964, 

This invention rclates to the flame spraying of exo 
thenwicctiy reacties i icometaltic compound ferming com- 
iy The iment: 5 mors particularly, relates to the 

ame opr using ef fone pray materials in the form of 
cnmpe-ites containing Ine OF mete compuncais which 
wal cxethermicslly react with each other during the apray- 
ing, fonsaine cre or more intermctllie compounds, and 
fo a resd group of such composites inchiding powders 
andwins. = - 

Flame «rrayine involves the feeding of a heat-fusibic 
materi ince a beating zone, wherein the same is mehed or 
at least hes tsefened, und then propelled from the heat- 
Ing zone in a fircty divided form, generally onto a sur- 
face ta be co vied, ' 

The material heirs sprayed is gereraliy fed into the 
hestirs gone in the form af cither 4 powder or a wire 
@the Line tcim designating beth Toss and wires). The 
apiayins is elestad ina device known os a heat-fuiis 
gavtetial pray pan ces flame spray pun, 

In the wite tyre femme «pray pea the rod or wire of the 
material ty bs proved is fed inte the heating zone formed 
by o fome ef some tyre. where it is meked oF at lend 
heat-tuftene| and atomized, usually by Nast gay and 
thence prepeticd in finely divided form onto the surface to 
Bo costed. The int or wire may be a conventionally 
formed nal or wite of a rect, or may be formes by sine 
tering teretber finety divided material, or by bord sg tue 
gether Enely divided material by means of a plastic binder 
@¢ other suitatle binder which disintegrates in the heat of 
the hestine zore, thereby rclerieg the material to be 
spraved in finely divicied form, 

For sprayirg firstly divided, be. powdered materiat, a 
powder type fi.me spray cun is used in which the powder, 
wnwlty entrained ina carrier pas, is fed into the heating 
pone of the rin formed by a flame of same type. Tae pow: 
dee is cither melted or at beaut the surface of the prains 
heat-softcnct in this rane, and the thas thermally condi- 
tioned prticies propelted anta a surface ta provide a crate 
Ing. In the powder type spray fun as no “atomizing” en: 
erey Ws required, a separate Mast pnd ie oficn di-pensed 
with, theurh the same may be cupplied in order to ait in 
aceclerating the poitichs and propelling them toward the 
surface te bs coated, 

The bast pas may be provided for beth the wire tyre 
and powder tyre cuns to perform the additional function 
of cooling the workpiece and the conting being formed 
therecm., , 

The beat for the hesting zone is most conrnonty pro- 
duced frosy a flame caused by the combustion of a fucl, 
stich a6 acetylene, propane, noturak pas, or the like, using 
oxygen of wir as the oxidizing pent, The heat may, hows 
ever, nho be prashicet by an electrical are flume or, in 
the newer type of puns, by a plasma flame. The plasma 
fame may in it-elf constitute pact af an electric are, of, 
in wcvondanve with a newer devclopment, AVY be in the 
form of a “fice plasing sticamn,” Le, & atcaan of plisina 


NE, LCC Se ee ne ee 
nceseuenmeiemmens 


which may be considered indlcpendcat of the arg x6 1t Goce 
not contsibute ta the electric Mew Ietwcen ch otte ces, 
Heat-fusitte materia spray cum vtdisirg a'v.itic fee 
sitance heating oF indistina beating as the beat siete 
hase ale been prope cd be have nat prowen qicnncr. 
cially succesful cacept in Conncstion with the s7t4p My of 
ow mehing print metais, snich as selders, fer) or fant 3. 
Flame spraying in the initiv stares of it. commer at 
develogment was used moa-tiy for the «pray .2g af votieoas 
metafs and was often referred to as metasizi ¢ MPoever, 
the art of flume spraying exsencs ta the ¢¢° 3%.3 Of 3 
much wider croup of nvsesi.ts, including b.i7%er melting 
point of rcfractery metals, ceramics, cetmci+. aed the 
like, and such materials ate of increasing camcccrsl in 


1g ‘eres. 


a5 


&S 


7@ 


In the cae of spraying he:t-fusiie materi:ts in the inl- 
tial form of a 203 oF wire, the rod oF Wire is Foreraty 
of a since composition, Le.. in the form of 67: sifs poe 
alloy, eerumic, or the Ske. While @ be tree hot tous of 
wires formed from Cnely diated miaterist bust cozetber 
with a tinder of plastic o¢ the like, as meracraed above, 
were brown, the binder geresally cid neg tube poet in the 
spraying oF centtibute to the costing, and tr cre:y otnved 
the purpore of maintaining the ted or wice in shape until 
fed inte the heating rora. 


In the exe of Rame sproy roevers, whita poaders “ 


formed of several constituents were known, the «ume were 
generally in the form of s poacer mintuse of the ih © 
viduzl constituents or, at Fest, a particle ac, 2¢ 73%. 

Gre ohicct of this inventicn is the spray it,-of the heat 
fusib's mat “ial in a novel form which alivss the oMain 
ing of superior rests, . 

A furttct object of this invention le a ecvel group of 
flame spray material, 

Theie and still further objects wil Besore apparent 
from the folhvaing deseripticn read in 2:5 22cticn with 
the drawing in whish: ‘ 

FIG. 1 dixgrammatically shows a cro-rction of & 
grain of novel powder in accordynce with the inventions 

FIG. 2 is a cross-section of a further er:® Niment of 
an aggregate grain cf novel flume spray pov acs in accord- 
ance with the invention; . 

FIG. 3 is a diagrammatic cre-s-cection of on enti 
ment of a novel fiante opray wire in accers. nce wich the 
invention; ! 

FIG. 4 shows a croas-ection of a further embaviment. 
of a novel flame spray wire in accordance with the invene 
tion: and i 

FIG. $ shows a still furskcr embodiment of a revel 
flame spray wire in acsardocce with the insertion. 

In aceardance with the invention, the fave spraying 
is effected with the heat-fusiste material in tte form of 
a composite containing at Teast tua consi renis whish 
will ecothermically renet with ench other at tha tempetae, 
tures develoged during the spraying, forming an iniete 
metallic compound, = - i 

The term “composite” ag used Kercia fs invaded 10 
designate a structuratly integral unit and dors nds in 


chite a mete misture of components wish may bec” - 


physically separated without any destevetion of the’stenee . 
ture, Thus, in the case of powder, the term *ennvpisite™ 
does not include a simete misture of indisdaad grurutes 
of the separate componcnis, but requires that engh of 
the individual granules contain the separcce comPonca’s 
which will exothermically seact, forming intermetatice , 
compounds, In the cate of vere, the Individual cars, +=. 
nents must be Incorpwated in a singie wire, In the 6am 
reste the components mut be in inthyate sontist wad © 
each other. " 

In connection with powders, each grsia may consist 
of an apctecite containing the two comp ints whieh 


pa et nies Oreratinan, 
. 


“+ Sle com 
sed be 
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wilt cxcthermicatly react, fermine the intermetallic 
compat, but preferably the individnal pains of the 
powder ote in the fam af a clad composite consisting 
ef a nucleus of ene of the compencets and at feast one 
coating Umer ef the ether component. Altciaatively, 
the composite min comit of sepurete, concenttic coat- 
ing Lnees of the twa componcats and a nuclens of 
still a third matecial 
ta the care af wites, the compesites may be in the 
form of a wine hiving a couting sheath of one mastesial 
and a core of the other, alternaic eating sheaths af 
the component. and a cere of a third material, a wire 
foamed by tuising os rolling separate wire strands of 
the components, a wire consisting of a sheath of one 
component and a core contsining the other companent 
in poader or comzacted form, a wire consisting of a 
seats of ene component und a core containing a com- 
pacted powder misture of this same componcat macetial 
and ene of more other components, a wise consisting 
of a plastic sheath and a core containing a compacted 
powder misture of components, ete. 
fa erder for the wires to be satisfactory for spraving, 
the same must net cavitate at the tip when heated, and 
should prcferatly be capstic of forming a pointed or 
slightly tipered tip when being meted and «prayed. 
Thos. if the wires have an outer layer or sheath of one 
and on inner core of another component, the 
faner core cannot have a lower melting point than the 
Guter sheath, as otherwise the inner con will initially 
Bhelt, causing cavitation at the tip. Fer example, if the 
wise is compocd of nickel and aluc:inum as the ex- 
- @thereizally reacting components and is in the form at 
® core With a coating sheath, the core must be nickel 
and ths co-tine shesth alominum, as otherwise during 
the spraging the cote will initially melt out, causing 
the casitation which will interfere with a satisfactory 
The wire having the mehing-point 
tacterictice su 98 to allow the melting off of the tip 
without this czvitation, is referred to hercin and in the 
elaims as “nen-cavitating wire.” 
Ae the comporents, ony two metallics which may 
te nichted torether to form an intermetallic compound 
in an exethyrmic reaction may be wed. The compo- 
mente should rcicace about 3000 eateries per from 


"slam, and preferably at least 7300 ealories per pram 


aiom in the cxmhermis reaction forming the intermetal- 
ounde, The term “calories per gram atom™ as 
in denotes the number of gram calorics which 

the average atomic wcicht in the grams of the inicr- 
-. metallic compcand formed will generate in so being 
forme §. While the components are preferably present 
im the sipichiometiie propurtions required for the forma- 
tion ef the intermetallic compound, it ix, however, por 
nahle tn alse have an excess af one o¢ the other provided 
the relative amounts are sufficient to release the quanti- 
ties of beat indicated atove in thé formation of the 
intermetallic compounds. : 

An extremely Jarse number of metal components are 
known which can te melied incether in an exothermic 
_ Beaction, forming un intermetallic compound with the 

cage tone of heat. Aay of these con:ponent pairs may 
he thtilized in accordance wish the invention, it only Ee- 

a required that the Sime be capable of being initially 
formes inte the composite suitable for spraying and that 
the intermetallic compounds formed therefrom liber. 
ate the required amount of heat in the intermetallic 
compounds. fonition and are suitable as componcnts 
Of a sprayed coating, Ass reneral pale, cs copanents 
which will (ori Intermetallic compour ty having a hiph: 
ef meching point will liberate suiligient he at to be useful 
fa rcvordance with the invention. Tn coitain Instances, 


« however, components which will forin intermetallic come 


pounds which do net have as hiph a melting point, will 


35 


* gemponen:s, FIG. 3 showing a wise husing on ats 
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and thus be weful. Preferred! compunets ate atuavinum 
with ag least ane af Ca, Ce, Ma, W, Ta, S%, Te, or med 
preferably Ni; of silicon with at lewt one ef Ti, BD, 
Cr, W, Ca, Ma, Ni of Ta. 

While inon iteell ts net a satisfactory compre cnt, the 
same may be prevent in idhlition t arether wunp ncm, 
which ia itwlf is satisfactory, such as ia the form of 29 
alloy therewith. This o*her compascnt, hes.ter, sured 
be prevent in amount suflicicat to forma the incermet tins 
compound with the other component of V2 serpe dts, 
with the gonerstion of sufficicmt heal 16 aid the sprays 
ing opctation. This, fur cxump'e, ten which just cor 
tains enecs allo;ed niskel to rerdsr Inq sete rust 
recistant, dees not contain enough niche) for on ele 
tive exattcrmic reaction with alominum. Gerstaly 29. 
alloy if niciel and icon must contsin ot fenes aheut 13° 
nickel far this purpore. . 

FIG. 1 shows a comporite powder ennti-tirg ofa 
nucteus of aluminum and a coating 1.)¢r ef ricael. 1G. 
2 shows an apsregsie of these eemporets: ied FIGS. 
3, 4, and $ show various fonzs of wits contasing there 
soe Tee. 
core sith a nickel sheath. FIG. 4 shoving a size made 
of ahernate sirands of nickel and stuainun «ite, 38 fae 
exampic 18 strands of 28 ganze C019" J amciset ce | 
wire, and 19 strands of 3S gauze alurinum wite; avd 
FIG. $ shows a sheath of sluminum fed wich granules 
of nickel and aluminum. : 


\here one of the component meta’s is available ac & 


mvctal hydride, the sate may be used in this farm pashce 
than as a metal per se. When Lame spiazed the hp dzazea. 
gas evelsed fiom the hy Jride pre duces a relucit 3 atmo 
phere, which in turn suppresses avdution of the inter 
metatiic compounds during and imas,iacly sleet their 
formation. That, far exampte, in place of ttonivm, titaa 
ium kydride may be uscd as one of the components. 


Alsss for the parpene of reducing esidatinn a rictal hy> | 


dride, «uch as thaaium hydride, may be cist ina teinog 
amount ta the other comporents, Tht. for examz'e, 


J-107%7 by weight, and preferably 1-577 by weirnt, baed 
on the total of the hydride and other compeneats, May 
be med. 


In addition, the powder pranules and tz wire say en 
tain other conventional Rame spray cam pencnts, oF te 
sprayed in admiatus. ot in cenjunction thetee th. Thus, - 
for example, the coared powders may aldsion sity en 
tain other coating layers of other flame spray ces Panett 
or may contain a. nuclens of ancsher fume stay ME - 
rial with alternate coating layers ef the gomporcnis which 
will cxotkermisally react, formirg the interretaitic. Ina 
similar mannef, the apeiegates or the wires Moy sentir 
further flame spray. comp-nents, and in The case of poe 
ders, the same may additionally be. atatised with any 
other desired flame spray powder. : p 

The clad powders, in accordarce wich the frrcnticn, 
may be formed in any haoxn or desired manrercand pref 
erably by the knewn chemical plating proseees of 
which coating material is deposited on a teed oc nice as” 
of another material, or ia which matfiz't Tay c's of vaflvis 
materials are built ng ow the ceed marerial.‘or ia WL 
various materials are co-depesited in a sinsic layer o% 
the seed material. ‘ 


oo 


A made of forming the clad powdc7s fasectves the do 


positing of a metal from a sotuien By reduction on a 
seed or nucleus, such as by the hidrezen te.tuction of! 
ammoaniacal solutions ef nickel and sme aint allfve” 
ton a seed powder cataly cert hy the aittiticd of anitheas 
quinwng, 11 bs alee posible to for Ae eeating by the tee 
of ather Known coating processes, such fs conting by 
vapor deposition, by the thermal decomposition of nigtal 
carbunsis, by hydrapen reduction of metal halice vagers 
by thermal deposition of halides, hydrides, carbonyls, 
organometals, of other volatile compounds, or by dive 


ako liberate suffigicat heat ia the exothermic reaction gy placement gar plating and the fike, 


> 


. 
at ED 
e - = 


« 


A pie’ stred and greatly simplified mote of forming tke 
* glad powders in aesondance with the invention is the de- 
periting of ene component as a coating in the form of 
a paint wa the ether component. That, ane of the com- 
cate which i te form the coating of cladding, may 
dispersed ia finely divided form in a binder ex Lecquer 
go at, in cficct, to form a paint in which this comp neat 
contespend to the pirmeat, The paint is tha used to 
com core particies ef the other cuinponent and the 
Pinder of Lacgnce allowed to «ct of dry. The binder ma’e- 
sial is picferably 2 rein whi h dhe net depend on sole 
vent evaporation in erdes ta for. a dried of set film, and 
thich film will decampose of brenk dowa in the beat 
. of the smaning process, The binder, for example, may 
be a phonetic varnish or any other know p of conventional 
varnish, preferably cantaining a resin as the varnish 
« : saints. The comnp.egnt which is initiatly mixed with the 
Bindcr @r varai-h snould preferably be as finciy divided 
as possibic, as for example —325 mesh, The other com- 
at which constitutes the cove should be apazoximate- 
pes onty Sichily below the particle size ultimately de- 
sited for the «pray powder. The enating of the core 
compenent with the “point” mar te effected in any Lnoan 
of desited manner. and it is simply necessary te mix th 
fwo Materi..’s torether and allow the bincter to dry or 
set. which will result in a fairly free-flowing powder con- 
siting of the core component coat. 5 with a cladding of 
the ether compencnt hound in the . “er. 

The acetegaics may be formed by compacting of bri- 
qretting the vatiens comp-nerts inte the individual gran- 
ules, er inte Inezer azrtrezates and then breaking these 
agrresatcs inte the pranulec 

-The wires may te formed in the kaown conventional 
maarer fer ferming wires with variews components 36, 
fee exams'e, by shrinking a sheath on a core, by forne- 
leg the cone with powder, by twisting the componcat 

; whees, folloned by rolling, drawing, swaping, or the like 
' ‘ ® desized. 

Ya accordance «hh ene mode of monufacture, one of 
: othe compercsts nay he formed into a tube of sheath 
| : aad filted with a rewder of the ether componcnt or a 
! power cernprising a mixture of the two components, or 


oe 


~  enttalgieg adtuional components. The tube ends ate 

: then sented and the wire reduced to the desired wire 

. Goo oter by ewaging. rolling or drawing. Preferably the 

+ 7 ponder or powder misture is first compre<ced into cylin- 

ae : @rical briquctics before being placed in the sheath e¢ 

_- ., eee. The ecating wf the tube ends after loading with 

. } the power or powder mixture can be efiected, for in- 
| a _ Stance, by inceriicm of a plug, far example of the mictal 
: of the sheath, by welding, twisting. crimping, or the like, 
ies Pewile-s in aceoninace with the invention should have 

3. . the general aver-ntl shape and size of conventional, flame- 

| ay pewsters, and thus for example should have a size 


- ave itneen —60 mesh and 1-8 microns and preferably -- 140 
mesh and 4.10 micron (U.S. Standard sc.sen mesh size). 

: Mow preferabty the powder should be as uniform as pe 

7 sitle in grein size, with the individual prains not vorying 

Le by more than 280 microns and preferably 73 microns. 

: Ue _ Depending on the particular §e..¢ spray process and the 
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“< desited purpos:, the comperite powders may be sprayed 


nad - . 
: b "+ "ee se or in combination with other different composite 
Be pamilces, of in comSination with other conventional flame 
‘ “Say Powders or powder components. 
a _. . While the powders are preferally sprayed, ae such, in 
: a it powder-type of flame spray pu, it is alsa possible to 
t * consbine the sane in the foun of a wite o¢ rent, wdon a 
plastic of similar birder, which decompurey in the heating 
rene of the cua, or in certain eases the powders may be 
compacted and/or sintered together in the form of a 
rod of wire, The wites must have the conventional sizes 
and accuracy tolerances for flame spray wites, and thas 
for eanmple may vary in size beiween nt wad 20 pare, 


1 pnd ate preftrably of the following sizes: Tig 


70 


$0008" ta fs plate, using a powdertype Mame-spray fuA 1s desctited 
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— A025", 12° 4.ONAS” ta — OAS", TE panes = fi" 
to — O28", aed 19 yanpe 4-0", with a ome th c's08 
fineh free from suface maths, Memivhes, o defects. The 
wires ate sprayed in the enmentional manncr, vsirs ern 
ventional wite-type Ame optay pom. 

la combining. in the evechermic seactian, I-20 ¢ the 
imtermetalic canpourd, the cemponents pencrats bet 
in situ in the actual material which by te focen ot eva 
part of the coating. This is ta te ditincal- hed from & ne 
spray preceses ard materivis in which beot is po-erated 
by 2 fexction, such as an vie Yom reactinn. ia hich a 
forci-n and non-metallic ef.. .3 is intre trod acd in 


which undssiraMe compenints may be pre ieccd. Aside . 


from greatly contributing to the thermal e% .i:-cy AY the 
process, the bout penerated in situ im the furraitica ef | 
the intermstallic comreuad produces novel secu. is 
many instances forming a denver, more ad@2r:2.3 ce xtitg. 
having characteristics of at teat a partiaily fated ec aire. 
In many instances the coating has self-Pancine charac. 
teristics, «o that special surface prep-sation. eather thaa 
a good cleaning. ic act required. The speayins in 271 ether 
respects is eilocted in the conventional, wel-i9cun mane 
ner, wing conventional flume «pray equiz-r ict. ard the 
convestional surface preparation may te urSeed, if ase 
sired. The comptes in cceerdance with the ir-ertion 
may be sprayed in conjucction with, or in adlitica ta, 
other flame spray materials conventionacy usd in the 
art, or may be sprayed in combination or cerjenctica 
with the others, 

The we of the composites as, for examp‘c. th: nickel 
aluminem composites, wil gonerafty impr~e the bord 
of th: tal eprayed mvterivl, ard thus of th: other sem 
porent ef componcnis to the so-trate. sometimes rviking 
the mixture sclf-hending. The rarticie b--! vill te in 
proved and the eeating will he denser, se 9o.¢ he preety 
may be decreatrd. In pereral, at Vietle 28 1°" by we'ett, 
of the competitss in sccardyerce with the bnvesi-a (1 be 
sufficient to substantinaly improve the bend’ «3 chats 
teristise ard decreave the poresity of other f me_spray 
materials, such at conventional flume ef-s": reizk. ale 
or ceromics. There ... of course, ne wc Ft oa the” 
amount, a< the compe-ie may Ke errayed por ec. Pat gem | 
ecally at lent about 29% by wecicht of the evher comm — 
ponent is required if thin comrorest is to Bre a pre 
nounced effect on the chorseteristics of the ce: tits. 

The foltouing examples are giver by way of iilu-tration 
and not limitation: ae ce 

Examole § : : y 
Sead awe 

(a) An aluminum power having a portl.*s sirz % 
tween —159 mesh ond +325 mesh (US. Sti7'. rd scrcen 
size) is coated with nickel in the known rp: reer By th 
hyJdrocen redi:ction of an amrveniacs) <o'ut’ +9 of riziet 
and ammoninm sulphate wing anthraos"one i6 ee 
coatirg extalyst. The reduction ic eZected.of 2 tesvpsee 
ture Fetween about 299 pnd 229° F, ia a mecheriily 
agitated autoclave wing schutions eratriaic 3 24-49 prime 
ree liter of nickel and 10-200. grams rar tre of 
(NUISOg and 29-29 crame per liter of NH. About 
pram per liter of onthriauirone is wed as the cot. Sst ord 
the autecteve is prewsuriccd with hydrogen ut 1 prewure 
of about 169 Is, pip. After the nickel seition is C2 
pleted and the aluminum coated with ag inisial cearng of 
nickel, the solution is dischsrred feem the avtoctave oad 
repteniched with a fresh saittion which reed net certain 
further amounts of the gathrsquinene coating cat ht, 
as the initially formed rickyt costing in HA act. os a 
catalyse. The evele be corttionwndy reposted until a cevte 
posite powder iv forved cortsining sbeut 1h to DMs 
by weight aluminum and #4 to 2% by weizht of nicdcl, 
and a sive of —100 ta 4.279 mesh. 

The powder thus farmed is flame-sprayed on a mild 
steed plite which has heen susface-cleaned with emery 
cloth, ‘The spraying Is eflected at about @ inghss frors the 


~~ 


oe 


Ls 9O%e by weight © 
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in US, Poteet 2.965.548, jssticd Naw, 22, 1960, anal sehd Saamyle 2 
by Motes fw. of Westhary, Lond Wand, under the tints The nichet-ctul ponder of Paampts Bis rine vith on 


name of Pereespa ss” power con, The speasing is AD, : . oy 
- ; A 40, pormcler havinr a antite ave betwcen G2 my. tere 
eftested ot s vate of & tO Is. af powder per howe, wing wae tb cahceam, 0 thet pareat ust pgp ay ee 
aveti bene om ” the ful as a preside wf 10 psi, and a & clad pave he? eich avd by acirht ef ths get me the 
fave site ot bbe 28 oa, ft. “he. anal evyree as the aritis- powder bs opeayed, Hsin + ips p te Paar ppmal . 
_.. “ " ea of 12 psi, and a few sate of 39 on a mild steel plate whist ha. brew otf es” Neaed by 
Ste of aA aati . A smooth priatenr. dyerping is efeated if a fetewe af 
nigbet eevat smut the aluminum hire combine ia ‘rena 9 foewn the plte wa tate of sSovit 40 BI. of 
the be at wf the flume with # sone. exothermic action, 49 pomdce poe he wing acetyene ad a fre suite of Wh ts 
—_ veo of nia leb ataminum intermwetaitic com- pai. and a few ass of 1-28 on. 8 . oben . 
pownts whe dopenite on the hase as a deme, hich quality : “ge Pe ae or 
Fewran = which cobibits self bonding characteristics. A eet én of 12 pal. ord a fies vice of 27-28 00 
e Call « eS ay « # e 
ie — of fus”...£04" thidness is built up in this man- wets banding cermet coating by foressd oh che herve 
wet. co dine may be weed ava base material for sprays 13 9g. 3,005 thermal hack-tesisiame, kiwn'Fs-% leegetentee 
tne of Inather Lavers af dificrent metoh of the Lhe, and ski “2, and which strongly inbiversd on. s+. of ts 


‘serves as an cxceltcat intermediate fhonding layer. 


_ Ue ewarine Vs ve bu Suns. 2 : 
@ihern pine, net mnogo nie”. tor we os Oe tt ie passiMe to wary the percert: 26° ef roa cet. mis 
; : e ™ thetie - in the mixture Pctwcon and KS i. orice WO 8atY 
exspen Panice wadcreoat. or to even preater thickness 20 the seties of the canting, With on i°:te sd are: 
os. fow exampte, 0207-050" of thicker a a wear-resiie §=— pf geogertes 6 & ~ * ar wdiclies 
dat enlation.cesistant rurface. : the intcometaliic compour’: in f 8 ert st cexing . 
Due to its self-Fendine characteristics the sprayed cmat- — dhe wentne 208 Oe ene pnp do! 
ing will adhere to a hase without the conventieaal “ate poste oy a - arenes 3 ppt rage 
face pizpottion ar sourtening, and due to the m=! wal 23 ceramic. the —— eon 7? J is Bd 
charcicristice of a spayed material, will tien tetet the coating are incrcast the therm cordustivcy | 
materials to be sprayed thereon with goed bording. The decreased. ple 4 
coating formed from the rower has excellent orvidstion Exam 
resistant charscteristics even at high temperatures and in Examztc 3 repemied, sing the feTlga'eg matcticls - 
oxidizing atmocpteres, and will for example prevent the 30 inplace of the aluminum oxide: 
oxidation of base materials, such as motytdzaum or the Zirconia, criciam zirconate. magnesiv = mrsgn¥e. 
like. The sprayed coatings my be used 3+ a lining ic spinel, ceric ovi’:, hafrium ov'de, t2°¢ cath eviss 
meial-meltin: cricibics or motion metal-he lire equi metstdcnnm divkcite, tungsten +" "e, chrotium 
ment, and will not te wcted of pencttsied by many cide, titanivm silisicc, tunzien cashes, tietivm carte 
_ mohen meiats. inchodin> celf-fiuring alleys. Coatings 33 and chromium carbide. . 
formed of the sprayed material alo show rood si In each eave an excellent couting #3* formed. 
as hich tcropersture, wear-resistant coatings. Example $ 
When the exampls is repeated on 2 molytd:num 10d : 
~ of Ty." dincieter, with a coating betucce Ry | eee) ie A nuctens of silizon poudsr is coved with visti 29 
thick, the coue J 16d may be repeatedir heated to appro 40 form a nickel<tad flome spay routs: haviez a paris’s 
mately 299° _F, in sit, in an electric Surnsce and cocled sive botwcen 100 wnd 325 mesh and cov tirg I-08" 
te room tempcratute with no visible oait.tion occurring. niche! based on the silicon-nAel wil. The cempe-"@ 
Similar results may abo be omained if the compe: ite poadder is sprayed with the flame spray get stevctiSed 68- 
powder contains 10-48% by weight of alumiaum and $$- — Exompte 1 on a steel base pres. red by lig’s'p praetinse 
{ nickel. 43 ins, using the spraying —. as dointid ta Ee 
{b) Examptc 1{a) Is repeated, wing, however. cobalt ampte 8. During the 717) As silizen sombincs aith Ce 
ia plase-of the nickel. Comparable results are obtained. nickel ia an exothermic reaction. gies enbensing the 
.  ).Faampic Ma) is repeated, using titanium hy dive thermal efisiersy of ths apraping ard praising an et 
(Till) powder in place of the aluminum and in an celicnt coating. . 
amount of 25-88 weight percent. and preferably +53 a8 Examrk 6 
weight percent of 2 total. The coating formed vpos . cet with alc eer bod in Bice’ 
speaying is hard and dence, and when sprayed on a smooih, Tee be coxied with gene =? the 4 
sod and sintered Al.O, substrate, an excelent bond 110 rreduce a poder having # parts: SUF: fracen 19 
nS * . ; : : and 328 mesh and comaining 10 to $6°F rich l Fa sf ca 


is formes, The spraying may be effected with an ORYECH 96 in, 4) 
titaniuan-nighel total. . ’ 
hy dozen oF vpncen-acetylene ‘The nickel protects the titanium from evidutida 67-55 
stosage and when spraying. 


Example 2 - . oer ; 
ine agrikcd. rf ark. 
Eaample J is repeated with the spraying being effected. es ine ced ee a a . 
agro be following bases and mer aed in the fellows 60 and titanium combine exothermicsi?} inthe une wien 
ow alloy steels and stainless steels, smooth-eround Preece spel a oeage- "se » ribebitanion. 
ta remove surface contamination, coppet and copres base ° 
allays, rouph-giround oF Kipht-grit-blasted; ‘aluminum Fe | Example 7 
aluminum bve alloys, rough-crownd oF light-grit-le =; 83 Tellurium powder was conted with eopzen so oe 19 
marnesinin, rourh-pround or light-grit-blasted; and = form a composite hiving a partiste size tcimecs Werard 
jum, rouyh ground Cf light-prit-blasted. * 938 mesh and containing 20 to 89% copper bared Cts 
In each case when a further material, such as telluring-cppres tot 
aluminuur or the Tike, was sprayed ever the eoati to Uren spraying in the manner de-srived in Veanpte 1 
the conventional dnd well Lnowa manner. the san yon a wate material prepared by gnt-ti sting. the cozzer 
borted with a tenacious bond, though if this maternal tind tellusium combirs to form a row Fe roti. 
hil heea initially sprayed on the suaface as prepared in nies the spraying Lend Was evolve { ugey ite een. 
the nvmner indicated above, & satisfactory bond would nation of the cepyer and tetfurian Inaigus ue te U 
not he citagngd, etal eg my Of the PIOcE 


Wie 
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The nickel clad fame yusy power of Faamgle 1 ks 

mired with about 20°) by wcicht of low prewine poly- 
fene poauiler and molded at a temperate ef about 
212° F. inte the form of a rod of te” dicne ter. The rod 
ie sprayer, wine a Conventional wite-type flame spray 
pun sold by Meta Inc, of Westbury, N.Y, a6 the Metco 
ype 4-H pon, “the spraying ik elected with acetylene 
at a ptewute of 1S psi. and a flow rate of 37 cu. ft./he, 
with expen as @silizing pas at a pressute of 38 psi 
and a fuw pate of 78 cu. ft./be.; with aie os a blest pan 
mapresute cf 30, <i. and a Now rate of 25 ew. ft/min. 
The end comtiar prostuced is similar to the coating pro- 
duced in Example 1. 
Esample 9 a 

A site tk formed by eneaxsing 2 core of nickel in a tube 

ef alurminvm and ¢raiwins to a size of .125~ in diameter 
or minus 002", The wire contains 82 to 84° by 

weirt of nickel b.ved on the aluninum-nickel total. 

The wire is sprayed, ming a conventional wire type 
flame spray pun sold by Metco Inc. of Weabury, §.Y., 
as the Metco type 4-F gun. Spraying & eflected with 
acetylene at a pressure of 18 psi. ard a flow rate of 37 
cu. ft./hr. «ith oxscen os the oxidizing pas ot a pressure 
of 88 psi. acd a fiox rate of 75 cu. ft./he. Als is wed 
as a Blast pus ct a pressure of S$ psi and a flow rr. 
of 30 cu. f1./min. The end coating produced is sienuar 
te the ceatine produced in Examp'e 1. 

Similar results ere ako obtuined using Jf -90% dy 
weight of nickel in the wive, 


Example 10 
A compestte «le kk formed by winding individual 


* wines of nichel red stuminum to form a stranded wire 


with a divsmeter of 125° plus or minus 102", The wire 
caatzsins $$ in ON by weicht of nickel baced on the 
total AI-Ni. The vite is oprs od in the manner de«crited 
fa Faomplc 9, with identical conditions and coating re- 
tahiag. 


Examrle 32 
. A silicon powder having a porticte sive between 140 
pad 228 mes5 is canted with molybdenum in the known 
maaner and a camposite powder is formed containing 
about 74 te 29°: by weicht of silicon and about G1 te 
68% by weisht of molybilenum, and a size of 100 to 
278 mesh, 

The nce the feraxd is flame-prayed on a bate 
material which bes been prepared by light grit-biasting 
fa the marner desctited in Farmple 4. 

The malty hlennm co.'ne ond the silicon hace combine 
in the heat of the flame, feiming a molybdenum silicon 
intermetallic which depmit« on the base as a dene, hick 
quality veotice which cshibits excciient resistance 1° 
@xklativa st clevated temperatures and will protect the 
bare material fier ovidstion, 


Example 12 


A malviicanm powder having a putticle size ranre be. 
tween 140 and 326 meh is costed with silicon in the 
Knewe mannce nad a compaite powder is formed con- 
fatesion bout 88 to 29%) by weicht of silicon and about 
6) tr 684% by weicht of malytvicnum, and » size of 100 


_ * A 278 meoh. 
(Phe poviler thay formed is flame sprayed on a be 


material which haus been prepoored by fipht prit-ldasting, 
The spraying is eflccted at whout five inches from the 
plate, wing a powder type phoma fame-spray pan sold 


- by BMietco Inc. ef Westhiry, NLY,, under the tre name 
- Of type IMU Pasa blame pun, The spraying is ef- 


fected wt a tute of six to nine ths. of powder per hour, 
tring a miatute of arpon and hydrogen pas as the plama 
pas, with atron at a pre ure of 100 psd and a flow rate 
oF 110 cu. Zhe, and hydropen at $0 ps. and a flow 


yo 


ry 


1e 


16 


10 
gate of 28 cu. ft./hr., wing aspen as the powurr cattict 
fas at 109 psi. and a flew sate of 18 4. ft. he, w ing 
a standard clectrede and “19” Argon norte, and using até 
current of 400-500 amperes at $7-42 vain, 

The melbivicnum base and silison eratin: cem*ire 
in the heat ef the Qame, framing a molyhdceim siticca 
intermetallic which deposits on the bave as a dine, high 
quility coming which ethibits excellent reertince to 
oridtion >t high temperatures and will prote.t the Pace 
material frem oxidation, 


Exsampte 13 


A silicon powder havina a panicis size Pste een 140 
and 328 mesh is canted uh chromicm in ths kaean 
manner, and a comprite powder is formed cartaisirg 
about 48 to £842 chremium ard 13 te $2°* siizea ty 
weir ht and a size of 110 to 278 meth. 

The powder thus fesmed & flamesprayed €9 2 Paes 
material which has been prepared by Bight grt-Macing 
ia the maarer described in Fvampie 1. 

The chromium costine and the <itison tae com 'ne 
in the heat of the flame, formina a chromium-s;‘isen Intet> 
metullis which dep~its on the E-ce 24 a dense, hich 
quality coating which evhikine excelent resistance to 
Oridstion at elevated temperatures and will protest the 
base matetial fiom cvidstiva. 

Esanple 14 

A eye powder having a prrticis s'7e bevacen 128 
and 325 mesh is enated with silicen in the Leoaa runner, 
and a composite poursder ik formed comai='re aon 44 
to 83% chromium and 15 te $2%% silisen by vsight ond 
a size of 100 10 270 mesh, 

The poader thuc ferred is Cams-sereped ea a bay 
material which hae been prepared by hight eoh-biretirs, 
The spraying is effected vt about fhe inshse frera tho 

are, wing a pevdsr type placma Mame-ers sy gua eo'd 

Metso Inc. of Westbury, Lone Bird, New York, 
uncer the trade nome cf type TMA Plas biome pan, 
The sprajing is eflecied at a rate of sin 19 se ie, of 
powdsr per hour, w-ixg argon eas as the piss cis af 
a pressute of 100 psi. and a flow rate cf 11% cu. 10.-Pe., 
wire urron as the power carsice cas at 100 -<4. ard a 
flew rate of 13 cu. ft./he., using a tandord ef:ct7* te ar 
“DD” Argon nerste, and wsing are current of £6°1.800 
amperes at S$7-f2 vel, _ ’ 

The chrom'um bse and Visen costing coevsine in 
th: heat of the flyme, forming a chromium si! 59 jatete 
metatlic which d-posits on the Pace ava dense, Wish quality 
contine which eshisics exceont resittance fo exd cite at 
hich temperstures and will prevest the Base material 


from ovid ion, 
: Example 13 

A ritconiom pawdcr havire a porticle size be*uccn 168 
amd 325 mesh 6 coated wih chromium in the bnew 
Manner and a cempnite powder is formed ceatairine 
about 4°) zircon'um and 60° chromium by weight and 
asize of 1% 10 270 mesh, 

The powder thes formed fe Mome-prayed on 2 bawve 
moter in the mannce dh cribed in Fumple ft. 

The chremium coatirg and the pirconium bare come 
bine in the heat of the fame, forming a chremius: #'rceric 
um intermetallic which aeposits en the base ce a ene, 
hich quolity coating which echibits excellent tesistince toe 
oaktation at hich temperate. i a 

Bremple 16 

A titantun powder having a pauttete size range betwcen 
$40 and 328 mesh is coated with silicon in CU. Lnoan 
manner and a composite powder bh formed coun uining 
nhout 38 fo 684¢ titanium and 38 te 6843 sion by 
weirht and a sie of 16-010 270 mesh, 

The powder thus formed iy Mimesprayed on a bve 
nesterial which has tween prepared by bight grit. sung, 


annua 
nsemtiindaeel 
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Phe sprasine bs effected at abet five ba hes fiom the plate, 
wes a powder Evpe ploma Meme spray pee ahd by 
Meta dnc. of Westhon, NV, peder the trate name of 
type SM Phrctne Phane com, the spraying is cfleeted 
at state ef ovte nme Thee power per her, ting atpon 
gos as the pleens pas at a presse of 100 po. and a 
flew cote of FIO en. A he, tap angen as the powder 
canticn eas at 100 poi. amd a flow rate of 18 on. ft.-he., 
tsine a thietod aleetiede grb “D" Arpen av ae, and 
wing are cuticat ef 400. S00 amipetes at 87-62 vailts, 

Vie teenie bee amd siligen casting combing ev 
there sty onthe beat of the flame, forcing a titanium 
sien interns tithe which d-po its on the base ava siense, 
bi) ie quctts gov etine whch exhibits excellent resistance fo 
wud sen ot Rech temperstures and will priest the base 
marteiial freet esidation, * 


Example 37 


A dyspretuen sowdse having a particle size hetucen 
$40 and 324 neh is coated with wluminem in the Laown 
mance nd a cemrosite porader is formed containing 60 


to 78¢7 shop tm, and 28 to 40°F atuminuin by weight, 


aud a sive of 106. 0 270 inesh, 

‘the posder thus formed ic flame-prayed on a base 
gstetial which has been prepared by fight grit-blasting 
fa the manne: described in Fvample |. 

The glusinum costing and the dysprosinm bose com- 
bire in the heat of the Name vith & strong cxothermic 
action, fmine a dysprosium aluminum intermetaliie 
compound which depesits on the base a6 a dence, high 
quality coating which exhibits excellent properties at high 
temperstuics, ‘ 
ample 18 

A lantharinn pe naving a particle size between 
Pond 12S are coated with aluminum in the Laown 
mannet and + eccncoste poader is formed containing 
70 te 78%. lenthinum and 28 to MY aluminum by 
weight and a ize of 10010 270 mesh, . 

The porsstt: thus formed is flame-tprayed en a base 
gnaterial whet fas Been prepared by grit-blasting in the 
manrce iscsi: Lin Example 1. 

The abecaivu: coating and the Linthaoum hare com- 
bine exotberctc'hy in the heat of the flame with a sreng 
exethermic : then, ferming a lanthanum aluminum iniet> 
metal compe od which ceporits on the base as a cence, 
hich quality ¢¢ tac which exhibits excell cat prozerties at 
high temperetutes, : 

; Examyle 19 


A chremium powder having a particle size between 
$40 and ALS neste is cooted with aluminum ia the Known 
manner on! ao cow poste powder is formed consisting of 
010 62. ueniien and 38 to 40%) aluminum by weight 
and a size of itr te 270 mosh, 

The poader thus formed is flame-tprayed on a bare 
mattetial which has Reon prepared by erit-Masting in the 
gaanner de-ctsted in Example b, 

The ulomi.cea coating and the chromium base com. 
bine in the heat ef the Mame with a wrong exotherimic 
action, fo ming a chromiim sluminnm intermetallic come 
pound which depe-its on the bave asa dense, high quality 
conting of sery high melting point and excellent oxidae 

' 


thon-resistance. 
Example 20 


Fasinple 1 is tepeated except that the composite 
powder is fori f with an aluminum core and chromium 
coating, Licntut results age obtained, 

Exanrple 21 

The nichebefid aluininon composite powder of Fx. 
ample “bis mixed with cobalt bonded tungsten carbide 
patie powder having a psticte sive range of —140 
mesh -{ 1 microns, and preferably — 140 4-325 mesh 
In pryeation of; 


12 


Cad 80 weieht porent tingsien cathitc ta 20 wel it 
petvent of the conysrite, 

thy 20 weicht percent of the earbkics to 60 weipht 
petsent of the composite, and 

6 (eo) preferctly $0 weisht percent each ef the Giny-ten 
cathide and gempreite, ; 

The powder mivtntes ate cach Mameescrseden a intd 
steel plate which fres been sutfasee’s tb by js ooits 
of very ight sand-blast ¢teaning. The ort.pint beet sted 

ia tt about &-9 inches from the plate, tins apa dicey te 
flame-spasy eum se describ ia US. Pato Leeds, 
jastied Now, 22, Gt, ged cold by Motes Pre. of Weethery, 
N.Y... under the trate nome of “Thiire eSgray” poe Joe 
gon, The sprasivs is eMayted at a rets ef & te 1 Ts, 

16 rer heur using acetslene cas ue the F017 at a pressure ef 
$2 pad. ond a fae rate of 20 to Merce. ft he. and ows cen 
as the ovidisins pus at a prowure ef 13 pi ind a low” 
tate of 30 to $9 cw. ft./he, 

The nichel-aluminum compeite pouccr in the mint te 

20 rencts exothermically ia the flame ta provid: th: -ctf- 
bonding prorertics of the mixture and, bsitg fully moter 
on impact with the subsirsie, besemes ths miarit. wha 
securely binds the tungsten carbide pazt.cize together in 
the coating. : 

230 Used a6 sprayed. or finihed by proper crinding pro | 
cedure, the resultent ceating is of a hig y weareresi-temt 
coming material, applicebic to virtua’y any bare material 
and not scbject to the finsitatinas of tte previously used 
self-flurins alley matrix materials which mat be fess 

30 at arproaimately 1900° F. 


Example 22 ig 


Fxampte 21 is terested. excert Ut in pice cf ihe 

grade of tunc-ten carbids cobelt poster praine red, 

93 cobult-borded tunz-ten carbide grains with Tower é< Sait 
content ant sharp, angulur shaze are use. 

The poader was sprazed ia the manner Ceseri*ss in 
Example 21. The «hi.rp. arrular edzes ef ifs isitial t.. 7g 
sten carhide pariicies were retained in the ov.ting. 

40 «The deposited coatin: may be suitably A-'shed by geir a 
ing for use ay a wear-retistant costins or uted cs cee 
posited where the ccated erticle is to be reed ata bore 
of fip, the sharp cdzes ef the carbige incite a5 conetitute 
ing the abrading of cutting edses 


48 Example 33 


Faumrle 22 is repsa’ed except th.t in place of tte 

tungsten carbide grains Cescrihed. casei bos ted tustte4 

seatbide particles cf sharp, anculir shape were weed HEN 

ng were fit coated sith rickel in the macrer dessrited 

50 in Frarmple f. so as to preduce nitebsted paric'cs 
having a size between 19 and 328 meen eed cont ives, 

frem 20-80% nickel based on the tungetsa carbide-nici el 


total. 
Example 24 


zal The nickel-cird aluminum cemperite Jevcrited in Es 
ample 1 is mixed with « colvmbinum (nichts powder rf 
size between ~ 120 mesh and — 10 misrors ood prefera’sy 
— 149 1328 mesh in the proportions of 6) weight percent 

oo of the nichelbaluay um compuie. - 

The pevider mixture is cproyed in the mascer dessrited 

ia Vaample 21, The resultant coating is o2'f-ben fing 19 
a wide varicty of substrate materiais and wen prezeny 
finished, by grinding of other means, is a highly “oot ’ 

og tes stant, hard coating. 


Example 23 


The nickelelad sliminum compre cesciibed is 
Exaniple Pix mixed with a’molybt. co posder of a 
70 tizve between <— 120 mesh and 41m ccs preteen y 
=~ 140 4-328 mesh ia the proportions o: 66 weight pete 
4a molybdenum to 38 weight percent ef the nivbel 
phiminim compusite, 
The powder misture is epr get Inthe marcer des,tited 
75 In Example 2) The sesutiant egating by syit bonding to 


a 
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a wile varicts of substrate materials av wher preperly 
finished, by pricing eo ether means, p. ‘ta highly 
wear-resistant, hand surface, 


Example 26 


Fvample 21 is repeated except in place of the tungsten 
corbide, ether carbides such as litoniom catbide, Lantstum 
cubite, columbinm car bile, chromium carbide and mit+ 
tines of the various carbisles are weed, 

Exangyle 2? 

The wickel-ctad aluminem core composite fin Ew 
ample TE is mised with aluminnm powder in the mesh 
size tange = Ped | AIS ww esh, and prefers’ ly in the —170 
Pats mesh size cance in the proportions of 80 weight 
percent nickel shiminuny compo ite to 20 weight porcent 
aluninum. 

The misture was spraye! in the manner described in 
Example 2. The coating as deposited consists of an 
jntimate nosture ef the flame-reacted nickel aluminite 
and sluminem sceurely bonded to the tase and particic to 
paiticle within the coating. 

Upon heat-treating in the temperature ranze 4250° 
F. ia 1800" KF. in reducing atmosphere, dry hydresen 
for Instar >. the nickel aluminide and ajuminum coasbine 
to form & dense, homogenous coating fised to the base 
miterial which can be used for “cathodic” protection of 
iron and stecl subject to water and salt-water corrosicn. 

Example 28 

The rickct-clad sluminum compodie powde of Ex. 
ample 21 is mixed with Monel poder of a size between 
—109 mech and 4-19 microns, and rreferably between 
— $40 ard 4-228 mech in the proportion 38 weight pere 
cent composite to GS weight percent Monel. 

The pouds: mixture was prayed in the manner de- 
scribed in Easmple 21. The resultant coating is self 
boating to a wide vaticty of substrate materiats ard the 
faclusion of ths nickelaluminun compe-ite, the come 
porents of which combine exethermicstiy in the flyme to 
provits the sclf-bonding ability of the mixture, considers 
ably inctease the particle to particle bonds within the coats 
ing and vesrezse the permeability of the coating. 


Example 29 


Framr'e 28 is repeated except that nickel and stainless 
steel pica ders are substituted for the Monel, 


Example 36 


Example 28 is repented except that chromium is sub- 
stituted for the Monel. 

The tesuhtant coatine when properly finished, by prind- 
ing or other means, shows hich resistance to abrasion, 
wear. and calling by othé? metals, and is an cacellent beare 


., lng ww Jace. 


Example 31 


Fincly divided aluminum powder (-~325 mesh) was 
Memted with a phenolic varnish having arprovinvtely 
$07; solid contents so as to form a mixture having the 
consistency of a heavy syrup and containing Gute by 
weisht of the metallic aluminum, ; 

100 grams of this varnish sluminum powder mixture 
was added to 240 proms of nickel powder having a size 

tween --208 aice 4-025 mesh, and the two were thor 
ovchly mised, with the mixing continued uatil the var- 
nish dricd, leavinw a faitly free-flowing powder in which 
all af the nickel core particles were clad with » dey film 
which con isted of aluminum parties bonded to cach 
other amt to the core material by the phenolig binder, 
Phe powder is then warmed to 280° VP, to insme complete 
drying, ‘here were some minor applomerites whi.n were 
senened out aif handmilled to seduce the sume to a 
1 mesh powder, ‘The end powder consisted of ap> 
provinnidtcly 1S weipht percent aluminum and KS weirht 
percent mike due to the lov af some aluminum during 


fF x 
» 


& Eaample 32 


10 which are loaded inte an aluminum tals ef 78" ete 


19 The wire is thea sptased, teing the cemvertecrat | ire ty7 


a3 tense boad srenzth cf 3829 Tes, pod. The epraped e2it> 
30 from 24-98 wcight percert, based on the tor d of the 
a3 der in place © 
40 tect tontatum and mol Pdsenum bases fren os ticlea, - 
“a coatine is a dense, high quidity cousins which fs sede - 

50 fsulting sprayed coating iy self-tenJine avd i: seohtent 

gs total of the components, The costing fored ie simice o - 
00 dire to thermdbsrock, WM which by betigved | tieke He. 


6s 
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the mitling, The poder ie sprayed in the mranacr Cee 
scribed in Example | producing a simile ceatiog bovine, 
however, tore than twice the tensile strensth ef the ¢at- 
ing produced in Eaample 1. 


fa) A misture ef 6 weicht percent alerinum and 4 
weipht percent nickel poster ate tharen: hiy bented wl 
prewed tozther in the form of eyheitt.. 1 brigucites 


sido diameter, after which the tube ent. ste weltal 
chsed, ‘The 4." diameter feed stuck b then saared ‘a 
44" diameter, then to a %."* damecier thea U9 4 fa" fine 
ihed wire dian ver, The wire is then emtcetsd op Peoad, 


flame spray pun sold by Metso Tac. as te Misco ft fe 
4-85 gun. Sprayingc is effecicL using ascty core. a Prese 
su > of about $$ Iss, psd. and a flow rate of FT cu. f./he, 
and oxygen ne the ovilizing pas at a pressure of MA os. 
9 psi. and flow rate of 73 cu. ft. he. Ait is tid os Bask 
gas at a pressure of $3 tn. pad. ced fra rate of 29 
_ cu.ft./min, The wire is spresed at arse cf 3 ft. per 
minuie. The spray material is dopesied on a surface cf 


ground and machine-finished, col roles “cel wah a 


ing is hard and de: se; it is veare ard OW uti oneteeiend 

and it also could serse as a ace for furher -72-ying. 
(b) Usamete 32ta) is repsated excezt that chremcm 

is ured in place of the nistiel powder in cous, «f 


aluminum and chrenvium. Spraying results in x Woh qe ste 
ity coming which his self-bord eg pregett.ce aod i 18 
sists nt to oridution at high temgcvatures, 

(e) Exampic * ta) is reps. ted, wing co’un ius peas 
nickel poacer in acini: of from s- 
90 and prefer. y SM-8$ wei hi perast boclon 3 
total of the colunbiar ard slut: nn. The septeret ec te 
ing formed is a hiph quality coating Which bs ce ierd 18 
evid tien at high terpenes wad may Fe eid te Pre > 


(d) Exsipie B2ead be repeted, using tant int Fweder 
in place of the nickel powder in amounts of 2.49 asizt 
retcent and preferamty GS-78 weight porcent ef tartan, 
based on the tet: of tantalum and cluménurt. The sprapad 


boarding and is resistant to exid ition ot bist toreperatures. 

(e) Exampte 22>) is repeated, using Boron p acer i8 ' 
place of the nizhe! poadsr ia sancumts of 31-0 weg’? . 
percent. based on the total of beron and shonin The 


to ovidation at high temperatures, . : 

(1) Examp's 22(c) is terested except bare reader 2” 
additionally contains 0.5 to $ weight percent of Peter, 
and/or 0.§ to $ weight persent of suicen, bared en Ie | 


to that obtained in Fuample 32¢e) excegs that ot he. th 3 
fo high temperature ia air, a very thin, Men's aautett. 
proective oxrite film fornrs on the sutfoce Of theimete 

metallic compound formedgaphich is res's. rt te smiling ‘ 


(ge) Esample 22¢a} is repeated except thet 1.9160 6a%s 
bide contaming $260 Pindze and having a pittisie «ze 
below —140 mesh is added In amount oc $76 wels't 
percent, based on the total of the components, Tic Iestine 
bon canting isa dene, csuemely wenretesistct clotings 

ich 40 self-bonding proportion, This excniple may oe 
sorther repeated, using in place of the tury-ien grbi’g 
specied, etystalling tungsten carbide, aluminuss oside, 
10 diamonds of any other abrasive material, 

(h) Example 32¢a) is repsated, However, 1-165 by 
weight and preferably 1-$4¢ by weight of titer aims hydrate 

of a size below —100 mesh und fivfstably Beiow «338 

mesh, baved on the total af the components, 6 addd to 
76 8° Core material, ‘The tevults are the some «8 indigated 


>, o* ) 
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in Fasopte Wee ercept that the coating formed is of two metal comperents which cAthernicoMs te cr walle 
Biypeesend phasis! strvneth, containinys considerably fess cach other when ocked, fining an ecternyctalbc gerne 
eves ind ers. fo piace ef the titania hy trite amber pound with the tetsne of af feast 70D ve ob ae eters 
aictal Hvabeates wae be teed, per pram atone sad vhs wtesived by the abecty ef rome 
(ed EP vcd Ud is repeated except (hat the nickel g coating heat dusine fine sprog img whiske fe an beotirs 
poster is soptaced with a nichtone powder consisting of to the stiface bein: spraged. : 
gp ochiene alley containins 80 nickel and 247 chee 4. A fame sprig arterial eompisine a csmpest: he 
grits, Whoa opted the wite pives a dense, eel f-bond- a form snitable ter flame spragine feed af slanie 
ine secstise which is extremely oxidation-tesistant, niin and nicked and chatasterized by the cheaty of rete 
Gp) Useoupte ead is repeated except that the nickel yq crating beat cuvins fame sprsying whist: cif. 3a Ford «2 
pouder ix ivpliced with a powder miiature consisting of fo the strface being sprayed. : 
RS by weit nickel amd 2047 by weisht chrome, When §, Composite according tochim 4 in wiv eid aluecic 
sprayed the wire fives a dkeace, self-bonding coating nun is present in emieett of abo 10-22°°, B sed 2 
which i Bipot) osidation-sesistant. the total of nigicl ard alurrgum. : 
: Example 33 e 15 & Componite : ccordiz:3 10 clini 8 in aria sais Erte 
ponents sre earazoase®: , airs aclected from tos group 1st. 
Table V below gives examples of further component ed in Table 1 above. : 
pais which m.y be thed to form the powders and/or 4. A flame pray poader in the form 8 pein less 
wites in accord ese with the Invention. clad particles comprising a metal nvete ord ot osact 


Fach of the componcm pairs as listed In Table I a9 one coating bier of a metal Wtterir: fers ood eus’s: 
below may Fs formed into a composite powder or wife ang excthermicsty reactive thefeaith ates meted t7- 


as desctired above, and when flance-sprayed will exe gether, forming on intermetaiiic gemecscd itd char’ ce 
thermicilly react, forming an intermetallic compound terized by the atitity ef censrstic: test Coring fore 
and hich prede costing. Thus, the camponcat pairs may” spraying which aids in bonding to the sutisce Te -s 
be forged into clad powders 2s descrited in Feample os sprayed, : 28 

3 and spied as des.ribed therein, cr formed into a 8. A fame spray powdsr in the fern ef iets; tail 
composite wite os described in Exump'c 22 and sprayed clad pertisles comprisiz? & metal muctet otg at ct. 
as described tncrein. one cosring layer of a metal diterirs fromm We Buse ue 


and eactheimically reastie therearh ates meted te 
: 30 ether, forming on intersretsltis compound, aith ste ste 
TANLT f leave of at least 2.670 gram catosics gar gr2m ater: 274 


as AS reget d he a a. choracterized Sy the ability of sencrotng heat ost 2 
‘Mie Wes tate Nab — kn Te flame spraying abich aids in bonding to the <crfzse F8."2 
+ 4 pa hg ie S o rh fn : sprayed, 

: ‘ oe Me Nase env : : : 
aie. Whi. te sf Nan ae un 33.9. A flame sprey poader in the form ef indie: 
Me = peed Pde ae = clad particies comprietz a metal restos amd ct Cs 
wt ' mi ne tn te Set t. ie = coating eet a instal differins from tid rests BY 

oe : site ue NY x be and exothermicsMy renstive there ath when recites 2% 
Alls 7 4 Th wK eh ang Ti ite : : : 2 
M Xe . ah ts th mK ke re ira cr st . og asia an inteeretallis campesed, anh ts = 

ote cot 28 EN ee wt 40 Nene of at feast 7.299 crom calories per pracy ate 6° 
an it * eau i is i e Me characterized by the sethy of inate? bent a3 
ait Nite CANe- Yap esa Nite flame eprayin akich aids - t Jies t0 Age on & ‘=e 
Shae on ache inn tt pe r epraying which g js in bonding to the wattce ers 
at sh Hie Poe us Me MT fh a e * sproved. : : 

ite “ ‘eit Or A) se kn ‘a eee, o- Yom © : : 
Aa: OBS BB ERE, wnien Sad mtd nates and bates hen ed 
test OG ee ale vt 43 aucteus, se as aeced feces Oe ate 
tS kh fees | ey muclets ate eomponent pairs selected fzom the gte-7 
Aw hire tiaNe [aan eI listed in Tzbie J asove. : 
: : 11. A flame spray poader sceerinz te claim 7 in 


which anid cectiz: Leer is in the form of = fizzy isis 
White the invention has been described in detail with 56 met:} poader baand to the nuctecs by a Sore. 


reference 10 certain specific embodiments, various changes 12, A flame spray ponder in the form 0% inhi. 2.1 
and medifications which fall within the spirit of the in- clad particles compriting ructeus of atomirem 61d 
ventivn and. scape of the appended claims will becorie a coating liver of nickel ard chaructesizcd By the 235 %> 
apparcnt to the skilled artisan. ‘The invention therefare of ceneriting heat during ame sginping abich ails a 
is Anly intended to be limited by the aprended claims or 53. bonding to the surface being eprayed. 
their equixgicnts, wherein we have endeavored to claim =. 43. Poder according to claim PZ in vhich enid ote 
all inherent novelty, num is present in amounts of shout 1-257 Sased en te 
We claim: ‘ | : total of niche! anJ aluminum, 
4, A flame spray matcrial comprising a composite in 14. A flame sprsy powder in the form of indiviz | 
a form suitable for flame spraying. formed of at least 68 clad particles comprising a nucleus ef nickel ard a 22% 
two mista) components which exothermicatly react with ing layer of firely divided atuminum 7: syetes beutd ¢? 
each other when melted, forming an intermetallic COM> the nusteus with a birder and charecte size dS the abiny 


tind ant characterized by the ability of gencrating St hes igs ea te tok otis; 
Feat during flume. ey ing which aids in bonding to the — iene ote ok acoces veal 
auiface being sprayed, G& 3-5 ee ge aa a te Bess 
2. A flame spray material comprising a composite in x . cei apes apes Jota nnd OE be sail 
a form suitable for Mame spraying formed of at least peal le met ¢ ido erie oe dee ehgke Oe 
two metal components which exothermically reset with capable of cvothermically reuct'ng with ezoh other wo se 
each other when melicd, forming an intermetalhe com- melted torether, forming an internets eampeerd - 
paund with the selene of at feast 3,000 prany calories 70 characterized by the ability Of terete: rz beat ur.’ 
fer pram atom and chatacterized by the ability of pene flame spraying which aids in bonding te the surface be? 
Crating heat duting flame spraying which aids in bonding sprayed. : 
to the surface being sprayed, 16. A non-cavitating flume spray wits comprising 140 
9. A flame spray material comprising a composite in acparite metil comeonent@@itlecing fren gs. otter ard 
a form suitable fur Mame spraying formed of at least 7% capable of cxcthermically reacting with och other whet 


Ag 


; 17 
melted tercther, forming an intermetallic compound, 
with the release of at feast 7.500 prom calories per fram 
atom and chataciericed by the ability of penetrating heat 
dusing flame sprasing which aids in bonding to the sure 
fave being spraved. 

$7. A noncavitatine flame spray wire comprising two 
separate metab components differing from cach ather and 
capable ef csothermicatly reacting oith enh ether when 
melted tecciher, ane of cid components being alumiawin 


and the ether michel and chitacterized by the ability of 49 


penetrating heat baving Name «praying which aids in hond- 
ing to the surface Being sprayed. : 

18. A flame spray wite compsising two separate metal 
components diflerine from exch other ard capable of 


exothermically resctine with each other when melied to- 18 


pether, forming an intermetallic compound, with the 1+ 
tease of 7,890 pram calories per pram stem, said cam: 
poncnis [eine component pairs sclected from the proup 
listed in Tattle P above and characterized by the ability 


of rercratine best during flame spraying which aids in 26 


fondine to the worfave being sprayed. 

19. A flame spiny wire comprising a sheath of a first 
metal component and a powder core of ct feast one sece 
ond metal comperent, <aid first and second components 


being carable of exuthermizatly rencting with each other 25 


when melted together, with the relcace of at least 7,509 
gram calories per pram autem and characterized by the 
ability of ceneratirg heat during flame ‘praying which 
aids in banding to the «urface being sprayed. 


2h. A flame spray wire accerding to claim 19 in which 36 


arid sheath is shminuma and seid core a mixture of 
aluminum and nickel powder. 

21. A flame «pray “ire comprising individual strands 
of twa coparste metal composents differing fram each 


other ond capable of cxothermically reneting with each 35- 


other when melicd tocether, forming an intermetallic 
compound, with the release of at least 7.500 prom calories 
per fram atom and characterized by the ability of gene 
erating heat durire flame «praying which aids in bond. 
ing to the surface teing sprayed. 

22. Flame spray mstesial according to claim 1 adui- 
tionally containing a mnctal hydride. 
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23. Viame spray ariteriad according ta chic: Lin whch 
one of the said components iy at feast partasly in the 
furm of a hydride, 

24, Flame spray material accontine te vtaay O nthtic 
tionally contuirine a member selected frem the praca 
consisting of baren, siheon end miatites thet tf. 

28. A flame sproy material comp icin: a composite 
in x form suitable fog Aome sprayene form ab of at font 
two setal componenis whih esathermically ¢ act with 
each ether when meked, said componcess ‘eine corte 
ponent pire selected from the croup coms:tire of AL Ca, 
Al Cr, Al Mo, AEW, Al Ta, AUNb, Al Ti, Al Ni, Si NA, 
Si Cr. Si W, Si Co, Si Me, Si Ni, and Si Ta ard chore 
acterized by the ab‘tizy of rererating feat corieg firms 
Spraying which aids in tonding to the surface Feing 
sprayed. 

26. A fame spray mate” 
the form of a poader. : 
27. A flame spiay material accordise to cliim 28 in 
which ore of the comrorents is in the form of a coating | 


according to claim 28 in 


-.on the cther compancat. : 


28. A flame spray material according to 
the form of a wire. : 
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The Mast pas may be provided for both the ‘ire type- 
and powder tyre puns to perform the whditional fur.tian * 
TUE TALLIC COMPOUND FORMING of cooling the workpicce and the costing being Surmed 


: 3,436,248 : 
FAME SEUAVING 1 SOTHERMICALLY REACT? 
ING ENTE 


COMPOSEEES thereon. : 
; Ferdinand 3. District, Nellmore, and Asthur B. Shepard. 5 the heat for “he heating zone ic most ¢ ermal} fr 
‘ \ © Pushin, N.V., assinnors to Meteo, Ine. 2 corporntion duced from af me caused by the combrsion ef a fust. - 
: of New Jersey such as acetylene, propane, natural gas, of the i:s:e, using 
Apptication Mar. 28, 1968, Ser. No 442,727, now Patent oyycen or ait av the oxidizing azent. The heat my. howe 
Na, AIEEE. dated fine 20, 1967, which is a cantinitse ever, ato ke produced by an clecitical are fiams or, in the 


spplicatio: . 70S, Fob, 
fion-tn-part of application Ser. No. 343,708, Feb, 10, newer type of puns, by a plasma fl. me. The piesa fyse 


: ; + att ae % : 

i hinge oar nay and this applicavion Les 26, 1966, Scr. 10 may in itself constisute part of an elzctris ore. er. ia 
ToT ae. ©8, CSc 7/00, 13/02 accordance with'a newer development. ma Fei ths forma 
U.S, Cl. 187—105 27 Clainrs of a “free plasina circam,” Le. a strestn of plarma which 
‘ : may be considered intererdent-of the afc as it cscs Ot 

‘ oe 15 contri-ute to the electric Row between elzcieccs. 
4 ABSTRACT OF THE DISCLOSURE Heat-fusibls material spray curs utitizirg elesstis ree 
Method of coating a surface by flame spray ing two oF “sistance heating ow —* =. as bed he:t vouites 
more componcats which will react with one another dur- ne _. ee de od tut ss aa oo. 
Ing the flame ¢prsyine to form an intermetallig compound. |. Ch 7 nn” —_* nis vacatag boll ee pip en 
20 Jow melting point mctal, such as solders. 128 2° aire. 


in is a division of application Ser, No, 442,727, filed : 6 peer ; : 

Mi en iniion of antation Si, Bay 425727, ek“ Urume pezing fe hs inl tet of tn Oe Det 

ontinu:tion-in-pait of applications, Ser. No. 72,543, filed evekinment sas used mevily fot the srrt is Ae eee eer. 

oe ie pene ed. Gee Wea, 180.844, fed metals and was often referred to as metiilizir 7. Hoacver, 

Net 22, ek en Pe a8 on a peters the art of Mame spraying extends to the sprapiag of a 

.254.970; Ser. No. 237 93 such wider croup of materials, including bh’, her melticg 

point ur refractory metals, ceramics, cermets, utd the 

like, and such matetiais ire of increasing ¢ommeceial in 

el terest. 

In the exuse of spraying heat-fusible mterinis in the 

initial form of a rod or wire, the rod of wire is gerers ty 
of u sincle composition, ic. in the form cf a ssi 


Aug. 16, 1861, now Patent No, 3 
786, filed Oct. 26, 1962, now abandoned; and Ser. No. 
| | $33,705, filed Fel. 10, 1964, now abandoned. 


Thic invention relates to the flame spraying Of ¢XxO- a9 
thermically rcactin: intermetallic compound forming 
compesites. The invention more particularly relates to the 
flanie spraying of flame spray miiterials in the form ef 
compotites coat.isicg two oF more components whish 
will cracthermically react with cach other during the 9; 

(| a spraying. formins one or more intermetallic compouncs, 


wscike 
meta, allos, ceramic. or the like, White it i. true tht nls 
or wires formed fem finely divided matezial tousd to- 
esther with a binder of plastic or the lite. as mertioned 
ulove, were Keown, the binder generally cid not tae pire 
in the sprasing or contribute to the coatirs. snd merely 
served the purpose of maintaining the rod o: sire in shape 
t fusible until fed inie the hea tiag zone, : 

In the cute of fame «pray powders, white pox ders 


and te a novel croup of such composites including pows 
ders and wires, 
Flam: spraying involves the feeding of a hea 


Se ; matetinl into a he.ting zone, wherein the same is rclted gn Pa : 
| | : or at least hest-scfiened, and then propelled iow ha formed of several constituents were known, icc sane Were 
iN * presteees , = * s nate oT we of 4 
heating zone in a fincly divided fora, gencrclly onte a generally in the form of a powcr mixuts of the indk 


vidual constituents or, at best, a purticle azzregate. 

: é ; ; Rigs is invention is the spravirz he he: 

The matcrint being <praycd is pencrally fed into the aonn on thik pe cree ’ si ge be paste Pro 
_ heating rons in the form of cither a powder or a wire 43; ime mitceist in a novel form which ulless the ert 

ing of sugcrior results. 


the laticr term designating both rods aad wires). ie _: Aare 
(the Ia Ce es). The A further object of this invention is a novel group of 


flame spray materials. ; 
These and sill further objects will become apparent 
from the falluaing description read in conmpoaction HM 
the drawing in which: : : 
FIG. 1 disgtammatically shows a eross-ccctinn of & 
grain of novel powder in accordance with the inventions 
FIG. 2 isa cross-section of a furs’. +? embadirertof in 


surface to be contcd. 


spraying is cffected in a device known us a heat-fusible 
material spray gun or a flame spray gun, 

fee In the wite type Jame spray gun the rod or wire of the 
material to be sprayed is fed into the heating zone formed 50 

by 2 flame of some type, where it is melted or at least 

; hentsoftened and atomized, usually by blast pas, and 

t thence propelicd in finely divided form onto the surface 

{| to ke coated. The rod or wire may be a conventionally 


formed real or wire of a metal, or may be formed by Sine 530 unre with the inventitin; 


tering toycther finely divided material, or by bonding to- VIG. 3 is a diatrammatic cross-section ef sa emibetic 
i ; pether finely ativided material by means of a plastic binder ment of n novel flame spray vite in accordance ait te 
if or wher suituble binder which disintegrates in the heat of invention; ea 
* the heatine gene, thereby releasing the material to be HIG. 4 shows a cross-section of a (urther embadin cot 
sprayed in finely divited form. 60 of a navel Mame spray wite in agcordance with the inven 
Vor spraying finely divided, Le. powdered material, @ tion; and 
powder type fame prey pan ix used in which the. pow. FICE, & stews a ctl further cmbadiavent of a novel 
. thee. wea hy cotsined ino carrion pas, Iv fed inte the flame spray wie in agsatdime with the duventean 
f Ber atinyge goon arf the pn formed by o Lome of some type, fn accondane with the ingention, the Maug staying 
‘the rowdes is either meltod of at leet the surface of OS fx effected with the heat-fusible neatetiob in the terar of 
“ the grainy heatsoftened in tins zone, und the thus there a composite containing at least tea composenty which 
: mally conditioncd particles propelled osteo wg surface to will cauthermically react with ec ch othe at the tenets 
provide a coating. In the powder type satay pun as no tures deselazed during the sproyias, forming on entcee 
“atomizine’ cnerry is required, a separate bhist pas is metallic compound, 
often disper ad with, Hough the same inay be suprlicd in TO Phe term “compasize™ as used herein is intended ta 
| ones to aid in acvelsrating the particles and piopelling desipmaty a stinstutally integed wait ond dogs mot insbute 
them toward Che sutface fo he costed, A mere misting Of gamponents whigh mey fe ghyse lp 


* 


aperepate grain of noveb fame spray powder in accord -- ° 


ie : E 903 
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separated without ony iestonction of the strnctiate. This, 
in the cre of powder, the term “compete” dess not in- 
clade a simple mists of individual pronnles af the sep. 
arate comperents, but requires that each ef the individual 
pianutes contain the sepatate comporents which will, 


4 


coating. Asa perceal mile, comporerts which wot fet 
intermetallic cernpoura’s hasirg a hicter wet ay pont 
will liberate sulfignt rot to be wsef sl in veceitad et od 
with the invention. In certain im-tarces, Perscs.t, .eette 
ponents which ail form intermetallic geste cim's what 


csathyrmicadiy geact, fermins inteametattic compommf& |. do nat have achich a meiting point, will als frente «Me 
Jo the cae of cate, the individtal components must te .- cient heat in the ewsttermic teaction arg thw *¢ : hee 
incorpotated ina sinely wire, In the composite the come *-) Preferred comporents ire aluminun with ft fe tots of 
pancris must be in intimate contact with cach other. Co. Cr, Mo, W. Ta, Nb, Ti or most pr fireth, Niet 
In cennection with powders, eoch isin may consist af 10 sifcan with at leat en: of Ti NB, Cr, W. Co, Maw, Si 
an ancients certairing the fee componcnts which will or Ta. 
Esothermisotiv react. forming the intermetallic compound. While fron itself i. noe a sitisfacter, cat recin, hs 
bat preferably the undivided grains ef the powder are in same may Fe present in ition te otek or gecopoeert, 
® the forms of a chad come nite comisting of a nucieus of which in itself is cutie. clory, sh ae ia the ft as 
ane of the cetrencnts ond at least one coating layer of 4, allay therewith. This elie camponca”, bh 
the other component, Alternatisely, the conrrosite may fiescnt in amount su cient to ferra the at. 
const of sepatte. concentric coating Inyers of the vo pound with the othce component of th: < 
‘compererts anda nucleus of cil a third nvaiterial. the cercration of snZciznt heat to aid ts +77. 
In the case ef wires, the composites may be in the form tion. Thus. for extsrie. ison which iv-: ¢ 
of a wire hasing a coating sheath of ore material and a og aloved nickel to rerter the same msteres' sont, ss FS 
core of the other, alternate coating sheaths of the com- contain cnonch nichel for an effective csorhecrtis 1¢as2' 49 
poncats and a core of a third matcsiat, a wire formed by ~ ubh aluminum. Gererslly cn alloy of sictel and ites 
twisting oF rolling separate wire strands of the compo- must contain at dest shout §2°% siete) for tots purple. 
+ penis, a wine consintin. of a sheath of one componcnt and FIG. 1 shaac a comrosits pouder cot: iv ic? of af, 
a cote cantsinias the other component In rawdsr ar com ag cleus of slumirum snd 3 scouting fazer ef tists. FIG > 
pasted form. a wire consisting of a sheath of one con shows an azgrenate of ths-¢ componants: 213 FIGS. 3. Ss - 
porent and a core containing a compacted powder mixinre and § show various forms of wire cont.'n'rz those gam 
of this same componzat material and ore or more other ponents. FIG. Jshosine a wire having un siecit. merce 
components, a wite consisting of a plastic sheath and a with a nickel sheath. FIG. 4 showin? 4 airs mivd2 of altace 
core sontaining a compacted powder mixture of COM- 49 nate sirands of nizkel and aluminum sire, 26 for exany's 
ponsnis. etc. : : 18 strands of 28 cauze (.919% di:merer) nistei alze 
In order for the wires to Fe satisfactory for «praying. mathed }. and 19 strands of 26 pause tcminem sire 
the same must net cavitate at ths tip when heated, and marked 2; und FIG. § choas a shea’h of  filt:4 
showkd preforabls be capoble of forming a pointed of wih granutes of richel pad aluminum. 
slightly tuzered tin when keine meted and sprayed. Thus, 55° Where one of the-component mes is 3+. “le 4 3 
if the wires have an outer layer or sheath of ore compe "metal hydride, the same may he used ia ti. forma fark 
rent and an inrer core of another component, the inrer than asa metal per se. When flume sprace tthe hydrogen 
tte canned have a loser melting point then the ouier ras evolved from the hy ride produces a r20: cis atmre 
sheith, as at retaise the inzer care will initially melt, cane phere, which in turn rprcsses onl tae of ths inter 
pe baie aren ba pe ahd nlapeg ts oe a. 40 metalic compour's dering ond imme! ves aber thor 
cies ¢: mronents and is in the form of a core with a horeencion. Thee, for eiangt, Sele tendencies 
peste io os pen must be tickek onl part ninm hydride may be ured 2s ons of the sow yponints. 
jut ae ie eg " Jt ek cone Also for the purrore of reticing ost fotios a metal ie 
sheath aler.inuty, as otherwise dusting the spraying the drive, such as titanium Pecrite. mey be otis! ina mis 
* me ‘ Paber sO, : sth tay : eG, Me Shlct. IS a Ry 
core will initials melt out, causing the caritstioa which =mount to the other components, Tht, for net 
will interfere with a catisfactory spraying operation. The 43 4_10°t by wei ee 
Honliersay : : fe : 1-10°% by weight. end prefersbly 1-2°° By welsh, Bed 
wire having the melting-point characteristict ¢o as to Ht on the total of the hidride amd otk Sea be 
‘Tow the melting off of the tip without this cavitation, is used. diseases — ee peace: 
pei to hercin and in the claims as “nom-cavitating hy mldition, the poadcr crunules and the + ire mrp Ot 
- As the comrenents, any txo metatlics which may be 60 pit er or tno — Md lg Ideas ea ot +3 
. melted torcther to form an intermetallic compound in an rg fs ae ac ad Seer ater s. The 
exothermic reaction may be med, The companenis should tain gered . Pe ss, ¢ De may sess only eft: 
rele: se aBout 2009 ealories per pram atom, and prefet> orm pated sage ithe gi al fams *7 ie sie Laci 
ably i! least 7809 calories per prim atom in the cxothet=: ish gi saat > ace bs oe : 
mic reaction forming the intermetallic compounds. The 63) yin é ah 2 air he — of the gary: State B58 
term “enlorics per praia atom” as used herein denntes “ th rermizaliy reat. forming the ietezr*3t 
the number of pram enlatics which the sverage atomic rie at manner, the i grregates of the wires may sun 
{| weirht in grams of the intermetallic compound formed wither Rame spray nat Bae ae and in these af Poa: 
will pererate in to being formed, While the comparents at the same may idJitionsty Re admivet v “A any orhsr, 
. are preferably present in the stoichiometric proportions 99 eng Rame “fray powder. " or 
: -tequiredl for the formation of the intermetaliie compound, The clad powders, in accordance with the inv:etion: 
| it is, however, posible to ake have an excess af one of may te formed in sry known or desired mar~cr. ¢r.1 pre 
a i“ the othcr provided the relative amounts are aifficient to erably by the kroun chesnica! glating proseze: in hich 
release the qnantitics of hext indicated atove in the forma- coating material is deposited oA p seed DF ritc"eunof i 
tien of the internatallis compounds, es other matcrial, of in which mebits Vapers of vicinus me 
: : An esttemely litre mamber ofemetal components ine terial are built up on the sve siesta), oF in which wastie 
aa known which can be mele weather in an canthernic Hoy materials are co deposited ia a siqde eye on the mod 
i ae fesetion, farming a0 Petermetitiic compound with the material, : : 
| renetstion of heat. Any of these component palis may be A mode of formins the chet powders anvadves the alee 
| - utilized in accord ince with the invention, it only being 10 positing of a metal from a solution by reduction wna sod 
| l required that the same be capable of being initially formed or nucicus, such as by th: hydrozgeg retecaisn of are> 
into the compaorite suitable for spraying and that the it monincal solutions of nickel and ammonisn salface on 8 
| fermetailic compounds formed therefrony likerate the r+ seed powder catalyzed by the addition of orhr, Qucore. W 
quircd aumount of heat in the lntermetallic compounds: is aha possible to form the coating by the use of of se 
| formation and ste suitable ae components of a sprayed gg known cuating prosewes, such as coating by sapere Cee 


oy ememeerte 
errasnrencerisen 
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tien, by the thermal decompo ition of metal care rend or whe. The wies must have the conve rienal sizes 
honsts, by by dteven reduction of metal halis vapors, by and acer acy tolerances for flame spray wires, and thes 
ther nal deposition of halides, hastrides, cxtbonsis, oreano for example may sary in size belwcen ta orb 20 parce, 
avctals, ot thie sat atife compounds, or by dé-placement and are preferably of the folloaing ives: ie =-.048", 
pas platine tthe the. 6 CT Oe a ha OL = twiss, BE fance woe AMS", 

A pictorest and preatly simplified mode of forming the 0028", and 1S panpe 4.000", with a sooth, olen 
chal posers in aeendines with the inveniion is the de- finish fice fram surface maths, blemishes, 07 tlefrets. Th: 
proitine of enc component ava coating in the form of a wires are sprayed in the conventional manner, wing Cone 
paint on the ovher component, ‘Thus, one of the compar ventional wire-type fame Spray ruaw 
nents which @. be form the coating of chalding, may be gq in combinins, in (hz exothermis seaction, ferrving ts 
dispersed in fra fy lisited form: in a binder ar hicqnet so intermetallic compound, the comporents wsnct atc het 
as, in effect, 19 form a point in which this componcnt in sit in the actual m-terial which is to forrs ai feast a 
corresponds ta ths piement. The paint is then msed to cout part of the coviar., This ix to be distinguished frovs 
core particles ef the other component ond the binder or flame-spray proses-<s and mraterials in wiih beat is get 
facquer alles cd to sct or dry. The binder material is prefe 3g erated by a reaction, such as an oxidation reastion, ia 
etably a tcsin uhah docs not depend on solvent evapora- which a forcizn and ron-metaliic e'ement is inseedcced 
tion in onder to form a dricd oF set film, and which film and in which un.tesirable co:nponents may 2 groduced. 
will decompee or break down in the heat of the spraying Aside frum creatiy contributing to the th.7> il cf cieniy 


proces. The binder. for example, may be a phenolic vat- of the process, the heat gencraced in sity ia the forma:ion 
- nish of any other Lnown or conventional sammich, prefer- 20 of the intermetaliic comround produces novel ro-cits, 19 


ably comaining « resin as the varnish cali.fs. The compo- | many instances forraing a denser, more atheries coutinz. 

“ncal which is initially mised with the binder of varnish = * having charncterivi.s of at feast a pariis Ty f2-<4 eOaci2 3. 

should preferebly be as fincly divided as possible, as for In many instances the cousing has self-hondins characict> 
example —328 mush. The other comronint which con- istics, co that special surface preparation, o°ac? than a 
stituies the core should be approximately of only slightly @3 ceod cteanirs. is not required. The sptayirz it 2/1 a:ter 
below the p.stivle size ullimaiciy desired for the spray respects is eflvcted in the conver ional, well-e roan mate 
power. The contine of the core component with the ner, using conventions! flame sprsy eguiges:7. aed the 
“paint” may be eflecied in any Leown of desired munncr, consentional surface preparation muy Fe actized. if dee 
and is simply necessary to mia the two materials to- sired. The compasises in accordance with the invention 
gether and stow the hinser to dry or set. which will result. 30 may be sprayed in conjurction with, or in acJivion to. 
fa a faitly free-flowing powder conising of the core other flame spray materials conventions "y utd in ths 
componcn: coed with a cladding of the othcr compo- art, or may Be sprayed ia combination or conunstioa 
pert bound in the binder. with the others. 

The apersrates may be formed by compacting of bri- The use of the compasites as, for evamzte, the nickei- 
quetiine the satiass componints into the individual gran: 33 aluminum comporics, will generally inyp:ve the bo«d 
ule, of into Ler: cr agsre;.stes and then breaking ‘hese of the total sprayed material, and thus of the other come 
agetegatss inte the prenules, ponent or comzoren:s to the ssborate, sometines malicz 

The witee may te formed in the krown conv cational the minature seif-bondins. The pariicle tord with te im: 
manret for forming wires with various comsonenits ax, proved and the coati-g aill ke dexter, to that ise poro-ity 
for exomple, by shrinking a sheath on a core, by forming 4® may be decreaced. In general, as little as 36°" by weight 
the core with povadtet, by twisting the componcni Wires, of the composites in accordance with the invention ail 
fotloncd ty rotting, drawing. swasing, of the lise if be sufficient to sutscantially improve the bor stisz sRare 
écrired. i acteristics and decrease the porosity of ober fame epray 

In atcordunce with one mode of manufacture, onz of materizts, such as comentionz! fame spray nictals, alloys 
the components bus; be formed into a tube or sheath and 43 of ccramics. There is. of course, no upycr mit on the 
flied with a poades of the other compencnt oF a powcr amount, as the conmzosite may be sprayed F254, Put 
comprising a miviure of the two components, oF containe generally at lest about 29% oy weight of the other come 
ing aldition.s} components. The tube ends sie then scaled ponent ie required if ihis component is to have a fro 
and the sire seduce to the desired wire diameter ty nounced effect on ihe characteristics of the ceatiz3. 
scuping. rolling of drawins. Preferably the powder or 50 = The folloains examples are given by “ay of ue 
powlss: mixture is first compressed into vylindricil bri- tration and not limi ation: 
quettes before being placed in the sheath or core. The E te } 
sealing of the tube ends after loading wich the powder oF or 
powder rffixture crn be elected, for instance. by insirtion (a) An aluminum poader having 3 partizte size he 
of a plug. for example of the metal of the sheath, ty 53 tween —150 mesh and = 328 mosh 1U.S. Stor dard sores? 
welling, twistin;. crimping. er the like. size) is coated with riche! in the knoan ri ctor by its 

Ponders in escotdance with the invention should have hydrozen reduction of un ammarincal solution of rixeci 

“the general over-all shape and size of conventional, flame- and ammonium sulphate, wcing anchraguinone 26 the 60.1! 
spray posders, and thus for example should have a size Ing catalys:, The reduction is eflected at a temperature 
between —G60 mesh and + 3 microns and preferably —150 6 betucen about 100 ied 280° Fo ina mecharica!; agita.cd 
mesh and -+ 1 microns (U.S. Standard sereen mosh size). autoclave using solutions containing 0-80 pz otoy per leet 
Mass prefer: by the powder should be as uniform as por =. of nickel and 10-09 prams per lier of UN14,), 80, 2-74 
tible in grsin size, with the individual grains not Vary ing 20-30 grams per liter of NIL. About 2 cram pet Tes 

_ by mure then 250 mictons and preferably 7$ microns. of anthiaquinans is uesd us the emalye and the acrocd ne 
Depending on the particular flame spony process and @g is pressurized wich hydrogen at & prewurs Of D bout a 

- the desired purroe, the compe gates may be pce. Afier the risiel solution is dspeted and the 
sprayed por se or in cee! a _Mher different niinain coated with an initial coating of nicacl. ihe 

composite powsters, of in geen Sith other con- solutign is discharecdt from the autociase apd-replenished 

ventional fame spiny powders a poaves components, with a fresh solutiun which nced not contsin furihve 

- While ‘the powders ate preferably sprayed, as such, in FO amounts of the anthraquinone couting cutais +t, at the ini- 

a powder-type of Name spray pun, it ik who powible to tially formed nickel coating in itself acts ay a eainty st. 
combine the same in the form of a wire of sod, asing a the cycle is continvensly repeated until + compu-ite 
plastic o8 similar binder, which decompanes in the heating powder is formed containing about 16 to IKTE by wt, wt 
pone af the pun, oF in CcHtan Cases the powders may be aluminwen and 84 to 93¢E by weight of nickel, and 4 sive 


compagiod and/or slatcred together ia the form of a 73 of 100 4 270 mesh, 
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The powder thas formed ts Maae-sprayed on a mild 
steel ple which hay been surface-vle ined with emery 
chuth, Phe cprayine is elected at about & inches from the 
plate, using a pees der type Mame-spray run as described 
in US. Patent TOOL US, sted Now, 22, 19460 aml sakd 
by Meteo fae. of Westbury, Pong Isand, under the trade 
name of “Theuve-pray” powder pun. 7 he spraying is 
effected at a tate of 6 to 9 ths, af powder per howe, wing 
acetylene pace the fuel at a pressure of 10 pei. anda 
flow tate of 17 ta 28 cn ft./he, and oxy cen 2 the orilis- 
ing pas at te pressmre of 12 psi, and a few eae of 2 10 
38 on. ft. “he, é 

The nichel coative ond the aluctinum has: combine 
in the heat of the fume with a strong csothermi¢ aviion, 
forming a mixiute of nickel aluminum ¢ intermetallic 
compornds which deposit on the has: as a dense, hicsh 
qualiiy coating which eshibiss self-honding charactetive 
tics A cooting Liyer of 602-004" thickness is built up 
in this manccr. The coating may be need as a base 
material for spraying of further layers of diferent metals 
or the like, and serves as an cxcclicnt intermediate tond- 
ing layer. 

The coating layer may also Fe built up to a preater 
thickress 2, for example, .010"-.020", for use ns an 
Osyeen Porsice undercoat, of to even creater thickness 
as, for csumpis, 020.050" of thicker ay a Weir-Tesiste 
ant-oxilition-recdstent surface, 

Due to its self-honding characteristics the sprayed coale 


Ing will shore to a base without the consentioral surface 
Precatstion or renghenins. and due to the natural char- 36 


neteristice of a sprayed material, will allow further mate- 
fils 10 Be sprayed thereon with cood tordins. The 
costing formed frear the powder has excellent oniditions 
resistant charecteriMics even at high tempertures and 
dn ovdisie s ainu spheres, ard will for exampte present 
the oxidation of base nvaterind, such as melybdcnun of 
the Lhe. The sprayed coatings may be used 2s lining 
in metalemeiineg cicibles or molten metal-hiadling 
equipment, and will not be wetted or peretrated by many 
mo'ten meta's, including sclf-flixing alloys, Coatings 
formed ef the sprayed material alta shew pood rotential 
as high tesperoiure, wear-resistant coazings. 

Wren Ue ctamnple is repeated on a motyfdsnum vod 
of 24.° diameter, with a coating betwcen Oya 42" 
thick, the cesicd red may be repeatedly heated lo approx: 
innately 20 59° F. in air, in an electric furnace and cooled 
to ream temperature with na visible oxidstion eccurring. 

Similar results may also be obtained if the composite 
powder contains 10-45¢%7 by weight of aluminum and 
$8-90°7 by weizht of nickel. 

(b) Example 1a) is repeated, using, however, cobalt 
in place of the nickel. Comparable results are ott: ined, 

(c) Example 1a) is repeated, using titanium hydride 
(Titl,) powder in place of the aluminum and in an 
amount of 28-S$ weight percent, and preferably 60-85 
weight percert of the total, The coating formed uron 
spraying is hard and dense, and when sprayed on & 
smooth, pressed and sintered Al,O; substrate, an excel 
lent bend 's formed. The spraying may be cflected with 
an oxygen-hydrogen oF oxyren-ncetylene flame. 


Example 2 : 


Fxample 1 is repeated with the spraying being effected 
in turn on the folowing bases and prepared in the fob 
lowing manner: 

Low alloy eck and stainless stecls, smooth pround 
fo remwre sutface contaminajion; capper and copper base 
alloys, reuch-pround of light piit bheteds aluminum and 
aluminum base alloys, ronph-pround of fipht-peil- blasted; 
masncium, feouph-pround of lipht-peit-blasted; and tita 
finm, rouph-proand of lipht-prit-blasted, 

In each case when a further material, such as stect, 
alumina or the Hike, was sprayed over the coating la the 
conventional and well known moaner, the same wat 


bouded with a tenacious bond, though if this tratstiol had 36 


8 
been initially sprayed on the suface as rrez ured in the 
manner indcoted above, a Salisfactery bond weal net 
be oltiined. 
ample 3 


The nicksbelad powder of Example Poh mised with 
an Al.O, powder having a pattics size betecea “3 
micront and 10 microns, in the tatia of chert 4047 of 
the nickel-clad pouder with 69% by weicht of ths 
cetomic. The powder is sprayed, wing the pen dscribed 
in Msainple ton a pid steed pitts which bes Sion stte 
face-sleancd by smooth grind’s*. Sprayinet in chested at 
a distance of hout 9° from ts plete at a nste of abet 
4 to & ths. of powder per be. usieg acct ine at a pres 
sure of 10 Ibs, psi. and a fiow sate of 1-28 ¢1. ft.r be. 
and oxygen at a pressure Of 12 psi. and a few rove cf 
29-35 cu. fi./he. 

A self-bording cermet coating is formed which staacd 
cacelticnt thermal chock-recivanze, hardness, abrasions 
a and whith sirongly inhimited oVid ais of the 

a3. 

It is posse to vary the percentazce of ts cerazr is 
in the mixture Ketwcen $ ard BS%C in ecdcr 19 sary ths 
rroperiics of the costieg. With oa sncresesd amenrt of 
the internmetallis comp and in the essmet co tine fume §, 
the bonding and thermal shock-re-i-to-t prepomise ine 
crezs:d, wheres with an increased anver nt cf t'.2 coramis, 
the hardness and wear-resist-nt properties ef ts ecating 
are increased and the thermal concustis ty Cesseased. 


Example 4 


Exampic 3 fs repeated, using the fotlosing smater|a’s 
in place of the alun:iaum ovile: 

Zirconia, calcium 7ircorale. magnedum rirconcte, 
srinsl, cetiz onde, hafnium oxide, rte cirtth ovices, 
melybternm disilisite. twazsien siligice, ohte sium si‘ 
cids, titanium sitfzids, tungsten eardi'c, tit.eim carbide 
and chromium carkics. 

In cach cace an excelient costing was formed. 

Exampic § 

A nucleus of sficen powder is cents t wich risked te 
form a riskeke'ad ferse sprop poder buving a portine 
size between 102 ard 228 mish and containing TIKI, 
nickel bis:d on the Wises-rickel tots. Tre compose 
rowcer is sprayed wich the home sores en Cessrsce 39 
Examp'e fon a steel bute prepared Ey Ei, utty grtt-Pinete 
ing. using ths spraying consitions as s'escrived ia Fxcmp-e 
1. During the «praying siiicen combires sich the nisee 
in an excthermic reaction. greatly erbarcing ‘he therr.:t 
eM@cicnsy of the sprasing and presusing 29 eaceucnt 
coating. 

Example 6 


on the thanium-niciel total. 


The nickel protects the titanlum from exitates cures . : 


storage and when tpray ing. 

Upon spraying in the manner ceseribed in-Ervampie I 
on a base muateri:t prepared by grit Hacinc. the nictel 
and titanium combirs exothsrmicail in the fame to form 
a corrosion-resistant costing comprising a ni.ac)tit..nim 
intermetallic compound. 

Example 7 


Tellurium powder vas canted with copzer to 78 to form 
a composite having a pattile sive Petae. 100 und 328 
mesty end containing 80 to FU copper ba cd on the tel 
lurivm-coppes tot, - : 

Upen spraying in the manner described in faamptc 1.8 
a base material pup ed by grit-Macire, the copNe Pa | 
tellucinm combine to form a new material. 

Daring the sprayirs heat wae cvohed tpon th: come 
bination of the copper ard teMouriant, inte. 1g the 
theamal economy ef ths process. 


——— 
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Example & 

The nickelectad flame spray powder of Example 1 it 
mised with about 20% by weipht of low pressute polye 
ethyfene powder and molded at a temperstire of about 
212° F. inte th. form of a rod of 4%" diameter, The tod 
is sprayed, using a conventional wite-type flame spray 
gun whi by Metco Inc, of Westbury, Long Istind, as 
the Metco-type 4-E pun. The spraying is cflected with 


- geetylene at a prescure of 18 p.s.i. und a flow sate of 37 


cn, fthr. wea oxypen as oxidizing pas ata pressure of 
IR wd. ant a Gow rate of 78 cv, ft./he.; with air as a 
Pact gat at a pressure of 40 p.s.i, and a flow rate of 25 
ew. ft./min. The end coating produced is similar to the 
costing produced in Example 1. 


Example 9 


A whe is formed by ensating a core of nickel in a 
tube of siuminum and drawing to a size of .i25” in di- 
ameter plus or minus .002", The wire contains 82 to 
$4 by wcight of nickel based on the aluminum-nickel 


The wire is sprayed, using a conventional wire type 
flame spray pun sold by Metca Inc. of Westbury, Long 


Island, as the Metcotype 4-E pun. Spraying is effected | 


with acetylene at a pressure af 1S p.s.i. and a flow rate of 
37 cu. ft./he. with oxygen as the oxidizing gas al a pres- 
sure cf 38 p..h. and a flow rate of 75 cu. ft./he. Air 4 
used asa blasi gus ata pressure of SS psi. and ‘+ 
rate of 30 cu. ft. ‘tain. The end coating produced 1. ...00 
far ta the coating picduced in Example }. 

Similar scsults are also obtained using $5-90% by 
weight of nickel in the wire. 


Example 10 


Acomrone wire is forn ed by winding individual wires 
of nickel and absssinum +. form a stranded wire with a 
dlameter of 125" plus or tinue 002". The wire contains 
$$ to 90% by weight of nickel based on the total Al-Nn, 
The wire is sprayed in the manner described in Example 
9, with identical conditions and coating resuling. 


Example 11 


A silizen poader having a particle size between 140 
and 328 mesh is coated with molytdenum in the known 
manner and a composite powder is formed containing 
about 36 to 29° by ucicht of silicon and about 61 to 
68% by weight of molytdcaum, and a size of 100 to 
270 mesh. 

The powder thus formed is flame-sprayed on a base 
matctial which has been prepared by light grit-blasting in 
the manner descrited in Example 1, 

The molybdenum coating and the silicon base combine 
in the heat of the flame, forming a molytdcnum silicon 
intermetallis which deposits on the hose us a dense, high 
quality couting which exhibits excellent resistance to oxi- 
dativn ot elevated temperatures und will protect the base 
material from ovidation, 


Example 12 


A molybdenum powder having a particle size range be- 
tween 140 and 328 mesh is coated with siliion in the 
known manner and a composite powder is formed con- 
taining shout 3$ to 39%% by weiyht of silicon and about 
61 to 68%). by wcizht of molybdenum, and a size of 100 
to 270 mesh. 

The pouser thus formed by flame-sprayed an a bave 
material which has becom prepared by light crit-blasting, 
The spraying is cfc. ccd at about five inches from the plate, 
wing a powder types plavna fiume-spray pun sold by 
Metco Inc. of Westbury, Lone Isaund, New York, under 
the trade name of type IMM plasma fame pun. The 
aptaying is Mected at a tate of sia to nine Ths, of powder 
pee hour, wing a misture of arpon and hydropen pas at 
the plasma pas, with arpon ota pressure of 100 psd. end 
& feew ate of 110 cu. fi./he., and hydtoyen at $0 psi, 


3,436,218 


E $06 
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and a flow tate of 28 cu. ft./he., using erzed as the 
powder carticn pas at 100 psi and a Siva tate of 1S cu 


Af. /he., using a standard elestrevte and “1” Arson noszie, 


a- 


e 
e 


33 


50 


and using ate current of 409-SON amperes at $7-462 sols, 

The molyhidenuns hase and silicon coatirs combine in 
the heat of the flume. forming a molyStcnom ahson 
intermetallic which deposits on the Base as a conse, hich 
quality coating which cxhiFits excellent resistar cs ty Ove 
dation at high temperatures and will proicet the base 
material from oxidation. 


Exampte 13 


A silicon poader hisirt a particle size betecea 124 
and 32% mesh is coated with chromium in the ‘roan 
m2nrer, and a composite poader is forr ct containing 
atout 48 10 8$ chromium and 15 to £2°¢ silicon ty 
weicht and a size of 1(0 10 270 mesh, 4 

The powder thus formed is fame-sprazed on a bse 
material which has teen prepared by light gris-tlasiing 
in the manner desciited in Exampte 1. 

The chromium coating ard the silisoa bree combine 


-in the heat of the flames. forming a chrecriumesiticen 


intermetallic which «cposits on the base ae a cense, high 
quality coating whica exhirizs exccticnt tes: -t:7 2¢ to Ovie 
dation at clevated temperatures and will proiest the bate 
materi=! from oxidazion. 


Examp‘e 14 


A chromium powder having a paniste size between 
140 and 328 mesh is costed wich tilizoa in the known 
manner, and a compote powder is fermsd contains 
about 48 to 88% chromium and 1$ to £2°° sitizoa ey 
weight and a size of 1010 270 mesh. 

The poader thus formed is flrme-sprazed on a Pave 
matetial which has Been prepared by light srit-siouies. 
The spraying is effected at shout five irctss fora ths 
plate, wsing a powder type plisma flame-s77.5 gun sold 
by Metco Inc. of Weertery, Long Iund. New Yor. 
under the tradename of Type IMB pleerss Sucre gus. 
The srrayirg is effected ata tate of sit te rire Iss, of 
powder per hour, wsirg argen g.8 as the i 8Me Sut of 
a pressure of 199 pci. and a hoa cote of MO ce. hehe. 
using arcon as the powder cartier gos at 10% 5 8, and 3 
flow race of 18 cu.fi./hr., using a Mondard cleotr Je and 
“D" Argon nozale, and using cre current ef 3° 0-500 ane 
poies ut $7-#2 volis, 

The chromium b: se and silicon coating com-ite in the 
heat of the Name, forming a chromium si'sen intermetal 
lic Khich deposits on the base as a dente, hich Quality 
conting which exhibits excclicat resistence te ovidttion at 
high temperatures and will provest the bas: maccrial from 
oxidation. 

Example 13 : 

A zirconium powder having a portiste dize between 140 
and 228 mesh is counted vith chromium ia thy knows 
manner and a composite pov der is forms! containing 
about 48% zirconium ind (3 chronvum by acight ard 
asize of 190 ta 270 mesh, 

The powder thus formed is flame-tptayed Oa a base 
material in the manner dessrived in Exampic 1. 

The chromium coating and the zirconium F..2 combing 
in the heat of the flame, forming a chromium zirconivm 
intermetallic which depwsits on the base asa dances, high 
quality coating which evhibi:s excelent sesistince 10 ork 
dation ut high temperatures. 


Example 16 


A titanium power having a partic. size cance beiwesn 
140 and 328 mesh is contea With shonin the known 
manner and a compete poader is formed centuining 
about 33 to 6842 Uranium and sf to oft silicon by 
weicht and a size of 10% ta 570 mech, 

The povater thas formed iv flame-spraped on a base 
material which has Been prep aed by bight pat blowing, 
‘the sprayice is effected at about fire inte. from the 


$3,456,248 


il 

plate, wing a powder fvpe plone flamespriy pun sold 
by Metca Ine, of Westhury, Done Idan, New York, 
under the trade name ef Type IME plisiwa flame gun, 
The spraving is effected ata tate of six to nine ths, of 
powder per hoor, wsiag arpon pas as the plasma pas ata 
presite of 100 pci, and a flow sate of HO cu, ft./he., 
ising atyen as the powder canier cas at 100 pci, and a 
flow tate of Th en. (/te., asing a stand ud electrode and 
“HF Atpen nozzle, and using are cirent of 400-$00 an 
fetes at 87 &S velis, 

The titaniom base and silicon coating combire evo 
thesmically in the heot of the Mane, forming a titanium 
silicon intormetallic which deposits on the base ay a dense, 
hiyh quality coating which exhibits excellent resistance 10 
ovitation at hich temperatures and will protect the hase 
material from oxidation, i 


Example 17 


A dsspotsinm powder having a particle size between 
140 and AZS8 mesh is coats-{ with aluminum in the known 
manner and a composite y swier is formed containing 60 


to 784% dysprosinm and 25 to 40% aluminum by weight ., 


and a size of 10010 270 mesh, 

The powder thus formed is flame-sprayed on a base 
material which has. been prepared by fight guit-blasting 
in the nvanner described in Example b. 

The aluminum costing and the dysprosium base com> 
bine in the beat of the flame with a strong exothermic 
action, forming a dysprosium aluminum intermetaliic 
compound which deposits on the base asa dense, hirh 
Quality costing which exhibits excellent propertics at high 
temperatures, 

Example 18 

A Nacthanum poader having a particle size between 
140 and 428 aucch is coated with aluminum in the known 
murrer and a cempasite powder is formed containing 70 
to 78te darchonum ond 2$ to 30% aluminum by weight 
aml a size of 10) ty 270 mesh, 

The powder thus formed is Mlame-sprayed on a tase 
material which has been prepared by grit-blasting in the 
manree described in Example 1. 

The alunsizum coating and the lanthanum base com. 
tins cvott ereicatly in the heat.of the lame with a sirong 
exmihermic action, forming a lanthanum aluminum inter 
metalic compound which deposits on the hase as a dense, 
high quatiiy coating which exhibits excellent properties 
_ st high temperaunes, 


Example 19 


A chromium powder having a particle size between 140 
and 325. mesh is coated with aluminum in the known 
manner and a composite powder is formed consisting of 
60 to 62°% chromium amd 33 to 4066 aluminum by weight 
and a size of 100 to 270 mesh. 

‘The powder thus formed is flame-sprayed on a base 

- material which has been prepared by grit-blasting in the 
manner descsibed in Example 1. 

The alumintuin coating and the chromium base come 
bine in the heat of the Mame with a strong exothermic 
action, forming a chromium aluminum interme “ic com 
pound which deposits on the bate as a dense, hiyge quale 
ity coating of very hich meHing point and excellent wal 

_ Aationscsistance, 


Example 20 
Faanple 19 is repeated except that the comp. ite pows 
der is formed with an aluminum core and chromium cout- 
ing. Wentical results are obtained, 
Framplo 21 
The nictel-clad aluminum com: porite powder of Faam- 
ple 1 is mised with cobalt bonded tungsten cuthide par. 
liste powder having a particl: sive vange of -- 140 mesh 
10 nvictons, and preferably -- 140 4925 mesh in pro 
portlons of 
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(a) FO weight percent tungsten cathile to 20 acicte 
penent of the composite, 

(bh) 20 weizht prcént of he carbide to $9 weizkt rere 
cent of the compe-ine, ad 

(cd preferably SO weight percent cach of the tunzsten 
carbide and composite, o5 

The pamder ntivtres are each flomesrrised on a 
mild stecd plate which bay bean ourfacesteoned Sy Aan be 
ing oF very fiekt sand-bhast cleamicp, THe «craziness is fe 
fected at about & Y inches fron the late, & no 4 pevastite 
type Raume-sproy pun as described in US Pato 2060538 
isned Nov, 22, 196, ond told by Miutce les, of We-te 
bury, Loans Mund, New York, urder the trad: ram: of 
“Therma-Spray* powder pun. The spre,ies is efe. sd 
ata cate of 6 to 10 Ths. per hour us'ng s.c°s "cre gas as 
the fucl at a presets of 12 pad ard a few rate of oo 
fo 3M'cu, ft.. he. and oxygen oe the ovibzieg pas ct a 
pressure of 14 psi, ond a Row rate of to Secu, ft. be, 

The nickle-aiumirum compotite peader [A the vaivenre 
rencts cxothermically in the Qe ae to gcroviste the t¢i% 
bonding propertics of the mixtore and, Ping f-, moten 
On impact with the substrate, becomes the matriy which 
securely bids the tungsten carbides part'stes together in 
the couting. 

Used as sprayed, or finished ty proper cris. Jing proces 
dure. the resultant ceating is of a highly -e:.t-tesitcct 
coating material. epplicable to. virtualiy any bss mintse 
rial and not subject to the lim‘tatiors of t*¢ previos'y 
used self-fluxing alloy matrix materizly whch muy te 
fused at approximately 19:0° F. 


Example 22 


Fxample 21 is repeated except that ia rlace of the 
grade of tungsten carbide cobalt pos der grins used, <> 
bal:-honded turgsicn carbide peains with lev er codalt cc 
tent and sharp, cecular chcpe are uted, 

The pouder aie sprayed in te manrer cercrited -9 
Example 21. The sharp. angular efocs of ths intial tus 


_ Men carbide partictes were retained in tke couting. 


The depesited casting may be suitably Fristoe! by gried 
ing for use wva we:r-resistant costing cr uted as depotted 
where the coated article is te be wed a4 a boas or AA 
the shara edges of the carbide inclusions constituting the 


abrading or cutting edzes 


Example 23 


Exampte 23 is repeated except that in plice ef the tury 
sten carbide grains detcrited, cobalt-herfed turgeten 62.t- 
bide particles of sharp, angular thape were uted whch 
were first coated with nickel in the maccer cevcrited 19 
Example 1, so as to produce nickebelad periisics havis 3 
a size between bi) and 328 mesh ard containing from 
20-S0°% nickel based on the tungsten carbice-sisi.el tot). 


Example 24 


The nickel-clad slumimim composite dzezrited in Eu 
ample 1 it mixed vith a columbinm eniativm) powder ¢f 
size between —120 mesh ond +10 micron, sod prefere 
ably —1<9 4-328 mesh in the proporsions of 60 weig: 
percent of the fiél.cl-aluminum composite. 

The pouder misture is eprayed in the merrer descriecd 
In Example 21, The resultant coating is +¢l!/-bording %9 
a wide variety of substrate materials and when croxyy 
finished, by grinding or other means, is a hiphly. wets 
resistant, hard coating, : : 

Example 25 


The nickel-clad slumimitm composite decce bed in Pee 
ample | is mixed with a molylerum poster of a s6 
between —120 mesh and 4-10 wicrons and profera’ ty 
o~ FAN -4 328 mesh in the proportion, of G8 weictt percert 
molyhitinum to 3$ weight percent ofthe nickel: duminct 
comporite, o 

The powder mixture is cprayed in the monrce descti*ed 
In Example 21. The sesultint coating Is seif-buwting toa 


79 Wide vaticty Of substrate materinh and wien properly 


E 908 
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finished, by rtinding of other means, presents & highly manner described in Maample 1 producing a simit or oo 
wear-resistant, hard surface, Ing having, however, more than twice the tensile sizeny'4 
Fample 26 of the coating produced in Example 1. 


Frample 21 is tepeated except in place of the tunpsicn Frample 32 
cathide, other carbides such as titanium cathide, tantalum 5 (aS A misture of 6 wecicht reticent alomicim ccd 08 
carbide, colurtnbinns carbide, chromiim carbide and mize weight percent nichel powder ate theaouph'y bended ond 
fares of the vationts eat bidles ate used, pressed tngether in the form of cplindticsd brigueticse 
. which are lisded inte an aluminum tube of 278" @ tite 
- Example 27 Miametcr, aficr which the tuke endy ate webct eheed. 
The nickeb-clad aluminum core composite fram Faam- 10 rhe 44% dismeter feed siocl. is ton vaaged to $6% Gane 
21 is mised with slominam ponder in the mesh size eter, then to a 7).” diameter and then toa t+” fated 
yanpe —100 4 328 me-h, und prefetably in the —170 wire dinmeter. The wire is then annealed and oci'st. The 
4328 mesh size faere in the proportions of £0 weicht wite is then sprayed, using the comentieral wire 3376 
percent nic het shumimim composite to 20 weight percent ,. flame spray gun sold by Meico Inc. as the Metso Ty7e 
gaye 5 ha Ge Gente tows’ 4-E pe Aga oy 4 is er pe _ yg ut - riew 
mimiure was sprayed in the man 1 sure of about 18 Ibs. psi. and a Lew fate © 37a. ft. he. 
Exampte 21. The coating as deposited consists of an inti- and oxyren as the ovitizing gas at a pressure of 3° IPs. 
mate miviure of the fome-reacted nickel sluminide and psi. and flow rate of 75 cu. ft./hr. Air is wee asa 
alumirum scourcly bonkd to the base and particle to 20 Mast gas at a pressure of 55 Ibs. psi. end fox rae cf 
:' ith coat) ‘ fe « ° + « 
See Tecasreatieg ta te temperature ranze 1250° FP. ea nS ans t keou pond i 
to 1$00° F. in reducing aimosphere, dry hydrogen for ine-firisted, co'd rolled tc) wich & 
instance, the nickel cluzsinils and aluminum combine to 
form a deme, homorenmis coating fused to the base 23 
material which ern te wed for “cathodic” protection of 
fron and stcel subject to water and & ‘t-water corrosion. 


Example 28 


The rickel-clad aluminum composite powder of Ex- 0 
ampi¢ 21 is mixed with Menel posder of a size between 
—100 mesh and +10 microns, and preferably between dation at high temperatures. 
= $40 ard 4-328 mech in the proportions 33 weight per- (ed Example 32a) is repented, wting columtism 
cent cornposite to 68 weight percent Monch. powder in place of the nickel roadie in armours ef frem 
The powder inintrere was sprayed in the manner de- 40-90 and prefer-h'y £0.98 weight percert, based on U8 
scriked in Vaample 21. Th resultant coating is self. total of the columbism snd alursinum, The spt236d 30 4 
bonding 10 a wide waricty of substrate materials and the ing formed bs a high qua'ity cossing which i se-fetort 
Inclusion of the nistclaluminam compte, the com- — tg oridation at hich tempertcres and may be utd 10 
ponents of which cembire exothermically in the flame — protect tantalum and molybdenum basis from ¢° itstier. 
to provide the self-boncit » ability of the mixture, com gq (a) Exsmele 22¢20 fs reposted, usieg tani lem po Ac 
sidgeubly incte 2 the particle to particle bonds within in place of the nizkel powder in pan ants of 25999 Clg t 
the coating ard decrease the permeability of the coating. percent ard preferably 48-78 weight porcer: of seat - 
Examp'c 29 based on the tural of tanolum and aluvirim. Te 


“tine | ’ ta * eae “ape fe 
Example 28 is repeated except that nickel and stainless 4, sprayed coating is a deme, high quatiiy cestirg wich 


is self-tonding 3 i ant ist i 
steel powders are sudstituted for the Monel. ieenpeeieas co © eo eee oY 


Example 30 . fe) Example 32fa) is repsated, wing bores poa.'st 
. ; in plice of the niche? pow.ter in amounts of $4-4f) wei hs 
BEE oR -afed except that chromium is sub- , ‘ 
Pio ine Saath oo percent, baved on tas total of heron and shes sien, ‘the 
‘The resultant coating when propzrly finished, by grind: = a Popa Hs selt-Fending nd ie testa 
ing of other means, shows high resistance to abrasion, sation at hints teniperitures, 


. : (f) Examete 32(c) is repeated excep that ths pea det 
ria ape by other metals, and fs an encellemt — sagirions.tiy contains 0.8 to S vcicht persert of boron. 
Example 31 and/or 0.8 to $ weiz*t percent of silison, boe2d 61 Is 
85 total of the components. The coating formed js sisailar 
Finely dividid aluminum poyder (—325 mesh) was to that obtained in Example 32fc) except that om Poetry 
Merded with w phenolic varnish having approximately to high temperatere in alr, a very thin, dere. o Jo erent. 
40° solid contents $0 as to form a mixture having the protective oxide firy forms on the surface of the intece 
comistency of a heavy syrup and containing 60%@ by metallic compound formed, which is recitact to paling 
wcipht of the metallic aluminum, @0 due to thermal shock. and which ic belicted estf-heties. 
100 prams af this varnish aluminum powder mixture (p) Example 32(a) iy repented excepe Coat tre gern 
Bas udiled to 24 pranns of nickel powder having a sive carbile containing 12% Binder and having > ¢ aig: sive 
befucen —200 and 4228 mesh, and the two were below —140 mesh iy sdded i- amount Ol Sat west 
thenaughly mixed, with the mixing continued until the percent, based on the total « the somparcrss. The te. 
varnish dried, leasing a fairly free-flowing powder In gg sulting coating ix a dense, extremely wer rere: stint conte 
which all of the nihel core puttiles were clad with a ing. which has self-hounding prozentics, This esi p's rey 
» dty Gim, which consited of aluminum patticles bonded be further repested, wine in place of the tunzesn nrtite 
to cach other and to the core matcsial by the phenolic specified, crystalline tunssten curbite, sluminum oxits, 
bindsr, ‘The powder is then warmed to 250° F. to insure diamonds of any other abrasive material, 
tomplete drying, There were some minor agrlomnceates 7900 (h) Example 3204) is sepwated. Hoaeser, 1-197 by 
. which were sercened out ind hand-milled ta reduce the weight ond preferably 1-84) by weight of titariin Ly drice 
same to 2 + +100 incsh powder. The end powder con: of a size below —100 mesh and preferediy below 328 
sited of approrineately 15 weirht percent sluminuns and MEM, bared on the total of the components, is ifs 10 
AS weight percent nickel due ta the loss of sone aluml- the core material, The results are the came as indicted In 
hom dunking the cetling, The powder bs aprayed In the yg Evainpte 32a) erwept that the coating furs d is of ime 
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prowed placid “Heneth, containing considerably less o8- 
ide ingdesdees. In place ef the titaniwn hhydinte other 
wwtal budkides may be saved, 

qi) Esainpte 22Gb is repeated excest that the nickel 
powder is replaced wlth a nichiome powder consisting of 
a clvene alloy containing 80% nibel and 20°% chine 
ium, Whee sproyed the wire pives a deme, self-hound- 
ing cooting whist bs exteemely ovidation-cesistant, 

Gj) Veampte 3260) be repeated ewert that the nickel 
geodon is tented with a pouder mixtine consisting of 
KE by weieht e hel and 20% hy weirht chrome, Whee 
aptased the wite gives a renee, sclf-howmting coatifig which 
is hichly oxi tation resistant, 


Example 33 


Table PE below ives examples of further componcat 
pairs which mor be aed to form the ponders and/or 
wires in nependonce with the invention, , 

Fach ef the comporent pairs xs listed in Table I Below 
mav ke format inte a composite powder or wire av de> 
scribed akove, ard when flame-sprayed will cxothermically 
react, formi:s an imermetaltic compound and high grade 


costing, Thus, the component pairs may be formed into _ 


clad powders as descrited in Example 31 and sprayed as 
described thessis. or formed into a compmnite wire a8 
descrited in I.cample 32 and sprayed as described therein. 


TABLE 1 


a —a 
ag933e- 
= 


sexzrssSsaF 
MZ< 


g2zzsss 
feirzis 


evOeet? 
Ee 


TANIA E Centine & 


Qzszz2szzFF 
Za7993 


seat? 


1. In the flame pg Sa in which a heat-fasite 
material is heated in a heating ron: t9 a. Yeast best-of. 
ened condition arc propsted in such cor siten out fe 3 
zone in finely divided form omo a sitstrate, the Ime 
provement which comprises paving the bemefusihie tar 
terial into said zane In the form of a corswothe comp 
ing at Ieast two disinet, components etitlored tege:> ser 
as a single alloy and ia prozortion ard form «:Misiers 19 
cruthermically react with each other at the temp rature ete 
velored in the heating zone, forming an intezmetaliic com 


2. Improvement according 10 claim 2 in which «od 
comrorents are comporents which caothcemis. Uy te: st 
with cach other, eith the retease of at feast 3.9 grea 
calories per gtam stewn, 

3. Improvement necerdic: to claim 9 in which ond 
components Pre comporenss which crorhermisaly re: st 
with cach ether, with the release ef at Senet 7,26) gti 3 
calorics per gram atem, 

4. Improvement according to chim t Ia which ore 
of said componerts is alvscinum ard the otter rickel 

§. Improvement azcordinz to claim 4, ia which «cis 
aluminum is present ia smount of about 10 to 8% ty 
weight, based on the tetol of nickel and alusiavm. 

6. Improvement accordirg to dzica Boia which *.'4 
components are comporent pulss selected fron the gre. p 
listed in Table J atove. 

7. Improvement according to claing 3 in which «48 
composite contains at least one addisional fame opty 
material. i 

8. Improvement according to clair: Bin which wd 
composite Is spoesed in conjunction with at leat 076 
further flame spray material. 

9. In the flame spray process in which heat fusite f° 
terial is heated in a heating zore to at Ieost tes gtesatier ed 
condition and propelled in said condivion oct of exid te? 
In firely divided form onto a substrate, the iuproser. "8 
which comprites patsing the heat-fesiots materhy i @ 
said rones in the forny of individual etad poader paris’ :s 
comprising a nucleus and a coming kijer which ed 
exothermically reuct with the nucleus at the tempetat 'te 
developed in the heating zone, formirg an intermetal's 


— 
. Improvement according to data 9 In which sid 
components are components which esothermically re. at 
with each other, with the release of at least 3,000 gr. 
calorics per pram atom, 

11, Improvement according to ¢leim % in which said 
components are components which excticrmically re°et 
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with ech other, with the release of at least 7,800 gram 
cahuics of? ree alom, 

2. ieapiesemert cotding to claim 9 ia which said 
gactews by oboramiien ated sad coating Layer nickel, 

£2. Impiesconet accotding to clan 12 in which said 
pluevinam ie pies ctt in anwnent of about 10 4542, based 
on the total of babel and aluminum, 

44 ropiosee t aceoding to claim 9 ia which .he 
puctows and seviag Liyers are sclected from the mem- 
bers of the power? sersisting of the pais listed in Table 1 

18. Imprevenent acconding to clxim 9% in which taid 
costing Iyer sensias of fire particles bound to said 
auclews by a bin ter. 

16, Imprncrent acording 10 claim 9 in which said 
clad poades patti.tes ate in admisture with another flame 
spray powder. 

$7. In the fome spray process in which heat-fusible 
material BS bested in a he.ting 7one to at Ira heot- 
softened condciwa td propelied in said condition out of 
said zore in fercty dinwted form onto a substrate, the ime 
provement which comprises passing the heat-fasible mate- 
tial inte pad zare in the form of a composite, non-cavitat- 
ing whe qerapriving at least PaO cOmponcnts which ¢x0- 
thettaic. My react vith each other at the temp-sratures 
develo; id in the te.ting zone, forming an inter metallic 
compmrd. 

18, Improvement according to claim 17 in which said 
compynents ate componenis which exothermically peact 
with cach otter, with the release of at least 3,000 Fram 
caloric pet gram atom. 

99. Improvement accordirg to claim 17 in which said 
Con Pentnis are COMP InShty which eaothermically react 
with ¢.ca other, with the release of at Ieast 7,500 gram 
calories per pram atom, 

20, Improvement ascording to clainy 17 in which one 
ef sald comporents is aluminum and the other nickel. 

21. Improvement szzording to claim 20 in which said 
aluminum is present in amount of about 10-45% by 
weight, baced on the total of nickel and aluminum, 


15 
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22. Improvement ascordire to claim 97 in which 


ee | 
romponents ate component pairs selected from riz gree 
fisted in Table I above. 

23, Impiaverrent accorting to claim 87 in abich said 


wire is in the form of a sheath of one comp. rent ¢ tf 
taining a powder of the otrer ce.nponent, said sheath 
being of a component having a flower meting goitd thap 
the other componcnt. 

24. Improvement accordirg to claim 23 in wtih said 
sheath is an aluminum sheath and in which ed cote #4 
a compacied mixiuze of aluminum pnd nickel prader. 

25, Improverrent according to claim 17 in ark said 
wire is a multiscrand wire with individual stands of 
said componenit. 

26. Improvement nzcording 10 claim 1 jn which the 
heat-fusible material a Mition. hy contains a metal hydrice. 

27. Process accotting to claim 47 in «rich cne of 
gaid components is at least portiaily in the fe:m of 8 
hydride. 
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"Investigation of Exothermic Reaction of the. 
Exotec 29904" 


Prepared By: 


Mahesh S. Patel 

Materials Engineer 
Eutectict+Castolin Institute 
Flushing, New York 


I. Introduction: 


Exotec 29904 powder when sprayed with the use of the RotoTec 
torch produces an adhesive bond layer which makes ‘t feasible 
for a number of metallic or alloy powders to be sprayed. 


Mr. B. Brachfeld analyzed the sprayed coating of the 29904 
coating to determine what phases or oxides are formed in the 
coatings. X-ray diffraction analysis indicated that the end ° 
product - sprayed coating, contains only Ni, NiO and aluminum 
oxides. The report also indicated no formation of inter- 
metallic phases of Ni and Al. A sprayed 29904 coating was 
submitted to Ernest F. Fullam Inc. of Schenectady, N.Y. - an 
independent commercial laboratory for investigation of the 
coating for microprobe analysis which included investigation 
by X-ray diffraction, energy dispersive analysis and electron 
microprobe analysis. Their investigation of the 29904 coating 
showed that the sprayed coating contains only nickel as an 
elemental phase and Y-A1,03. 


It is theorized that Al (99% pure) reacts with 02 and forms 
A120, which is an exothermic reaction itself. Thi» reaction 
generates a large amount of heat. The heat formation of 


A1,0, is =380 kilocalories/gm mole (reference: Chemical Process 
Prinéiples by Hongen and Watson; Page 253). 


Visualized that these microparticles (5-71) of Al burning 
violently and generating a large amount of heat arcund the 
Ni nucleus superheats Ni particle. This superheated, or 
molten or partially molten particle microwelds with the 
relatively cold (300°-400°F.) steel, or any other metallic 
(except copper base surface) surface. 


It is also widely known in the industry that Al has the highest 
chemical affinity to oxygen. A widespread use of Al results 
from its great chemical affinity for oxygen, whereby most 
metallic oxides are reduced by Al, freeing metal. Of equal 
value is the high temperature produced from the large amount 
of heat that is generated by the aluminothermic reactions 
(Reference: Aluminum - Vol II, Design and Application, Chapter 
25 - Page 643 by Kent R. Van Horn, ASM, Metals Park, Ohio). 

a ew" a 


‘ II. Nature of Pxotec 29904 Particle: 


The microscopic investigation of several representative 
particles showed that Al particles are not in physical contact 
with Ni particles. Al particles are away due to the dry resin 
" layer around the Ni particles. It is estimated that the resin 


Tir. 
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layer, which separates tne Ni and Al particles, is La to 244 
thick, It was also found that Al particles are suspended, or 
held by the binder close to the Ni particles. All Al particles 
are coated with resin binder which actually separates each 
particle. 


See Appendix I which includes the photomicrographs of the 
29904 particles at high magnification and detailed interim 
report of November 7th, 1973. 


Eutectic recommends a 6"-8" spray distance for 29904 powder 
with the use of the RotoTec torch. According te Dr. Knotek 
et al, reports 1-2 microseconds as the residence time for the 
particles. (Reference: Reactive Kinetic observations for 


spraying with Ni-Al powder by Knotek, Lugscheider and Eshnaver,: 


Paper 21, Page 72, 1973 International Conference). 
The following changes take place in the particles in 1-2 m sec. 


1. All 2% solid resin has to burn up into smoke. Since 
resin burns first 400°-500°F. it retards any contact 
between Al and Ni. 


2. Besides the 2% solid resin, all 5% Al has to react. 
It has to be assumed that Al cannot diffuse into Ni 
to form NLA1 in such a short time of dwelling even if 
the Al comes in contact with Ni. It further can be 
assumed that not all Al reacts completely. This is 
established by the fact that the bond strength of 6" 
sprayed coating is lower than the 8" sprayed coating. 


Investigation of the 29904 Particles Under Controlled 


Atmosphere 


This investigation was conducted with the help of Frank 
Balistrieri in a small inductotherm crucible where at- 
mosphere can be controlled with reasonable accuracy. 10 gms 
of 29904 powder = Lot 702 were placed in the crucible ané 

the experiment was conducted under Argon, 2% oxygeti-98% Argon 
gas and in an ambient atmosphere. 


Results: 


1. There was no exothermic reaction under - 
Argon atmosphere. 


a i 
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2. There was some exothermic reaction under 
ambient atmosphere. This was witnessed. 
as a violent reaction - started changing . 
hot orange color to white colored powder. . 
This reaction lasted for a few seconds. 


3. There was even more exothermic reaction under, 
2% 0, 98% Ar atmosphere. The reaction lasted 
for a few seconds. ; / 


The second experiment was conducted using non-transferred plasma- 
dyne plasma gun. The 29904 powder was injected into the arc under 


Argon atmosphere. See Appendix Al for detailed report. 


IV. Experiments with Prereacted Nickel Aluminide paiser ; 


bY t sie 8 
A. Flame structure evaluation of FP-66 and Al agg omeratet— 
PP-66 powders. 


It is theorized that as previously stated in the re- 

port, Al reacts and in turn superheats the inner particle, . 
say nickel. It was thought that this way, if the theory 
is correct the prereacted 5 Al 95 Ni (PP-66 manufactured 
by AVCO) can be made a self-bonding material. R&D Lot 
165-C was obtained which contained agglomerated 5% free 
aluminum. See Appendix III. 


Nickel powder which is being used in the 29904 powder was 
injected into the flame. Similarly, PP-66 powder was in- 
jected into the flame. Pictures were taken by Charles 
Harms of the Communication Dept. at same exposures, of the 
flame when Nickel (99%), powder P-66 powder, 29904 powder 
and Lot 165-C were injected into the flame. See Appendix 


Ill. 
Observations: 


1. The flame, with PP-66 powder was coldest as 
compared to the flame with nickel, 29904 and 
Lot 165-C powders. It clearly indicated that 
there was no reaction going on in the powder. 


2. The flame with Ni powder was somewhat brighter 
than PP-66 flame. It is thought that pure 
nickel particles have more heat capacity than 
PP-66 particles or fine sized nickel particles 
oxidizing generating some heat of its own. Wi 
particles are not atomized (as contrary to PP-66 


particles) particles and the surface is uneven (not 
smoot!) as contrary to pp-66 particles. 


It is thought that due to this observation 
that Ni particles which are being used in the 
29904 powder, will have substantially more 
bonded particles or substantially more bond: — 
strength than PP-66 powder. ; 


It is also important to note that chis Ni 
powder, due to the rough surface will facilitate 
more bond strength than with similar particles : 


with smooth surface. ‘ 


3. 29904 powder and Lot 165-C powder form quite a. 
similar exothermic reacting flame. The bright- 
ness of the flames was quite similar. 


&. When PP-66 and Ni powders were sprayed on a smooth ° 
steel surface, Ni powder showed somewhat more bonded *, 
particles. An attempt is made to explain this 
phenomena in observation No. 2. a 


B. Microscopic Evaluation 


29904 powder sprayed through the RotoTec torch, using 
standard parameter and the sprayed particles were cole 
lected in a pan. Similarly, a sprayed Lot 165-C powder 
was collected in the pan. Both sprayed powders appeared 
similar - something like burnt particles. Some were 
light-blue colored. The sprayed powders were mounted, 
polished and examined under the microscope. The ob- 


servations were compared to Ni and PP-66 particles 
respectively (compared to 29904 and Lot 165-C). See Appendix IV. 


Observations: 


1. Ni particles and PP-66 particles show 
different metallurgical structure, a8 
expected. 


2. All aluminum and binder around Ni (29904) 
and PP-66 (Lot 165-C) particles are gone 
leaving metallic particles. 


3. Sprayed 29904 particles did not show any 
phases similar to PP-66 particles. The 
particles showed to be heat effected on 

the outer sxin though not completely covered, 


5. 
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4. The sprayed Lot 165-C particles appeared to 
be heat effected <-Ni particles. 


C. Chemical Analysis 


The sprayed coatings were submitted to J. Shaulys for 
determination of Al content in 29904 and Lot 165-C 


en CE 


coatings. 
Results: 
Sprayed 29904 Sprayed Lot 165-¢ 
Al - 2. : 096 


These results indicate that all aluminum surrounding Ni 
(29904) particles were oxidized away. Similar results were. . 
found with Lot 165-C powder. 3 oa 


D. Bond Strength 


Three bond assemblies from 29904 powder were prepared and 
similarly three bond assemblies were made for Lot 165-C 
powder. These assemblies were prepared by John Kucci. 
The bond specimens were tested by N.Y. Testing Labs. 


Test Results - (Average of Three Tests) ‘ 

. Lot 702 (29904) Lot 165-C r 
Bond 
Strength 3000 psi 3050 pai 
Conclusions: 


nanan came NM 


1. After observing these findings, it is concluded 
that when an agglomerated powder, consisting of 
fine sized Al and coarse sized prereacted nickel 
aluminide (PP-66), is injected in the oxy-acetylene 
flame through a torch, fine sized Al reacts exo~ 
thermically, generating large amounts of heat which 
superheats adjacent nickel aluminide particles. 
These superheated, or plastisized nickel aluminide 
particles fuse with thc steel surface. 


{| Vv. Investigation of Spray Distance as Compared to Aluminum Oxide 
Formation in 29904 Powder 


7 29904 powder Lot 547 was chosen to experiment this investigation, 
| a The powder was sprayed at 4", 5", 6", 7", 8°, 9" and 10" from 
the work picce, Tie samples were collected and submittcd to 


VII. 
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B. Brachfeld to determine the formation of Al,0, and NiO 

at different spray distances. A graph was plotted for 
A1,0,/Ni0 vs spray distance. For detailed evaluation please 
refer to Appendix V. 


Experiments on Ni-Base Alloy Powder and Coarse Sized Aluminum 


Powder 


1, Fine sized Al was agglomerated with Ni Cr B $i (70% Ni) 
powder. When this powder was sprayed with the use of 
a RotoTec torch, the Ni Cr B Si particles were found to be 
bonded on the 1020 steel strip. The percent of bonded 
particles was estimated to be 80-90%. 
2. A coarse sized aluminum powder (-170 +325) mesh sized 
particles) was sprayed through the RotoTcc torch. It 
was found that aluminum particles were found to be bonded 
on the 1020 steel strip. The percent of bonded particles 
was estimated to be 70-80%. An experimental lot was ob- 
tained wherein fine sized Al powder was agglomerated with 
the coarse sized Al powder. When this powder was sprayed 
using a RotoTee torch, the bonded particles were found to 
be 100% on the 1020 strip. . 


Conclusions: 


1. The only exothermic reaction in the Exotec 29904 
powder is the reaction of Al to A1,0, and soma 
Ni to NiO. 


2. Al reacts exothermically and generates large amounts 
of heat. 


3. Out of all the possible reactions, the heat formation 
of Al50, has the most negative values of any of the 
heat formation reactions. 


4. The many fine sized Al particles around each Ni particle 
generate large amounts of heat during reaction which in 
turn superheats the Ni particle. This superheated or 
plustisized Ni particle microweld, or fuse on the work 

ae _piece. 

5. It is established that most Ni base alloy powder can 
be made self-bonding material by agglomorating with 
fine sized Al powder. 


6. There is no intermetallic phase formed in the sprayed 
29904 powder. 


7. Al epherical particles are separated from the Ni 
particle by the thickness of the solid resin, That 
is, a thin layer of resin surrounds each Ni particle. 


November 7. 1973 
Mr. J. F. Quaas 
Mr. M. Patel 


29904 POWDER PARTICLE EVALUATION 


We mounted and poliched soveral particles from two different 
{| lots of Exotoc 29904 powder. Lot 547 was a considerably old 

lot but Lot 694 was @ recently manufactured lot. Many particles 
vere exemined under the microscope at high magnification. 


{| . The following observations were made 


The nickel particles were substantially larger when com- 


i. 
| parcd to tha aluminum particles. Aluminum particle size 
ie ranged from 5-7acwhile the nickel particle size average 


is 7046 


{| 2. Aluminum particles and nickel particles, generally speak- 
ing, are spherical in shape. 


(| 3. Substantial number. of, Exotec particles were not completely covered 


by aluminum particles. 
&. Each aluminum particle 4a found to be hold by resin. In 
uminum particle is coated with resin and 


other words, cach al 
they are situated next to each other but without any physical 


contact between cach other. ‘This is contrary to general 
opinion because it ie thought that aluminum particles touch 
each other and form & continuous layer around the nickel 


particles. 


5. We-found that there were a fraction of a percent of sluainus 
rticies in contact with the nickel particles. The majority 
_ of aluminum particles are away from the nickel particles. it) 
found that tha nickel particles are costed with resia which 
forms a thin la,cr around the nickel particles and aluainus 
particles sre glued on the resin layor. It secis that the 
resim Layer ie continuous agouné the nickel particles withe 
out being broken up by aluniowa pecticles. 


Please find attached, five photomicrographs of Exotce 29904 
4 ; particics taken a8 1200X and at 500X, The 500X picturcs were 
telen in one lab and 11200X pictures were taken by an outside 


commercial laboratory. 


Mr. J. F. Quaas November 7, 1973 


NOTE: Tho gap stowins Letween aluatnua and nickel is due to 
resin which docs not shew dictinctivealy in the picture 
due to the nature of microscopy. 
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Magnification: 
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uctions, the plasma (non-trans ferred 
ro Plasmadyne gun) was ignited using argon gas at 200 amps 
1 and 80 volts. The argon gas flow was kept at 55-60 psi. 
t It is believed that no oxygen is introduced into the - oo 
plasma flame as argon gas pressure was kept high. The 
(| 29904 powder, Lot 702 was injected into the flame which 
j : 


As per your instr 


is outside of the nozzle. 


4 6 
. re . As we know, exothermic reaction brightens up the flame 
2 | and creates a high glaring which is quite visible through 
the dark shielding glass. Tf could not see any of these 
reactions occurring within the particles. 


aa Since I could rot see any reaction occurring, I looked 
for other reactions. I used light colored glass and 

: [| while protecting my eyes, I tried to determine whether 4 
i light colored flame occurred due to the injection of the 
i powder. The only observation I made was & light blue, 
4) very minor flame. This blue flame might have come from 
oe vaporization of the aluminum powder which is the outside 


part of 29904 particle. 


COMMENTS : 


ge Na VEN” 


: formation of Al204 is 380 kilocalories per gram mole. 
| (Reference: Chem cal Process Principles by Hougen and 


Watson - Page 253). 
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meters, withovt spraying any powcer. 
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Lot 165C in the rrocess 

of being sprayec, 

showing an increasec 
brightness of the flere 
cue to the exothermic 
reactions of the particles. 


PP-G6 in the ;rocess 

of being spreycc. 

It can be secn that 

there is no exctnernic 
reaction in the particles. 
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Exotee 29904 in the pro= 
cess of being syrayed 
showing an inereesed 
brightness of the flame 
due to the exothermic 
reactions o2 tne particles. 


Nickel (9975) in the pro= 
cess Of neing sprayed 
showing very little 
exothermic reactions. 

This flame is somcvhat 
brighter than PP 66 flame. 


November 2, 1973 
Me. Jo Fo Quaas 
Me. M. Patel 


PRERTACTED NLAL © EXPERIMENT 


This report 43 a continuation of my 10/31/73 memo. 


As per your suggestion, the following experiments were conducted. The 
powder was prepared by John Nucci of RED and the experiments were 
carricd out by S. Tilkaren of the Quality Control Pept. 


pP=66 (5 Al_95 Ne -£11) Powder 


1. P66 powder was sprayed throurh tha RotoTec torch using standard 
paraueters. It was observed that no exothermle reaction occurred 
when these particles were injected into the flams. ‘The oxysacetylene 
flama brightens up when there fis an-exochermic reaction and this did 
not happen when this powder was used. The powder was sprayed on @ 
clean, oxide-frea and smooth 1/8" thick x 1" wide x 5" long 1020 
steel plate at a 6" spray distence. Tha sprayed coating thickness 
vag 0.006" = .008" thick. Then high shrinkege 308 &.S. wire was 
sprayed on the coating as an overcoat. Since the P-66 costing has 
very poor bond strength, tha overcoat wire coating peeled when it 
formed a thin coating. ‘The thickness of the peeled coating wap. 
measured. The bonded particles were observed on the 1020 steel strip. 
Fxotce 29904 powdor, Lot #702 was obtained from Quality Control, ~~ sf 

Tha aluninum content of the lot is 5.1% Al. This powder wea sprayed 

on a similar 1020 steel strip as described above at a G" spray dis- 

tance. Similarly, as described above, the coating was coated with 

308 S.S. wire, which pealed off as it bacame thick. The thickness 

of the pealed coating was measured. The bonded particles were ob- 

served on the 1020 steel plate. 


Fino sizcd aluninum was egplomarated with P-66 powder. Tho chenical 
analysis indicated thet 5.6% aluminun was glued on the P-66 particles. 
So, another lot identificd as Lot 165 C of tha powder was made to 
adjust tha cheniatry arriving at approximately 5.0% elunafiium glued 
with the P*66 particles. Similarly, as deccribed above, 4 0.006- 
0.008" thick coating was obtained on tha 1020 steal strip from the 

Lot 165 C. Aprin, as described above, the coating war peeled off. 

the thickness of tha peeled coating was measured. The bonded 
particlos were observed on the 1020 stecl strip. 


Me. J. F. Quaas November 2, 1973 


Results of the three experiments: 


| \" COATING THICKNESS OF PEELED CCATING BONDED PARTICLES 
a ae 0.025 = 0.030" 5% 
1 29904 Lot 702 0.10 = 0,12" 85% 
5% Al (95% Pec) 0.10 -- 0.13" 807 
i NOTK: Quality Control Dept. accepts a powder (Exotec 29904) as a good- 
bonding material when it obtains 75% bonded particles on 1020 
(| steel strip as described in experiment @1. 
CONCLUSIONS 
{| 1. P-66 powder which is prerescted $ Al 95 If powder is not a bonding 
material when used with the RotoTee torch, There 1s no exothermic 
reaction occurring in the particies when injected in tho RotoTec 
[| flame. a 
2. P66 powder can be made a good bonding material like 29904 powder 
| when it ie agglomerated with approximetely 5% fine sized aluainun. 
There occurs oan exothermic reaction in the RotcTce flame when alunte 


num clad on P-66 particles is injected in tha RotoTec flamo. This 
exothermic reaction and brightening up of the flame is very siniler 

| to the reaction and brightening up being produced during the 2994 
particles being injected in the RotoTec flame. 


a 


E 935 


E 936 


EUTECTIC CORPORATION 


PHOTOMICROGRAPH RECORD 


Specimen # 2571 


Magnification 750 X 


Etchant tion? 


Project 


Process Crees Secc-isn 


Ms okt ee tee ix 
Sample Description 


ve 4 


| pam aes ai 
oe , 
Specimen 257) 
750 x 


Magnification _ 7° 


Etchant Car: .clla'ts Deag- 


Project 


Process Cross Secticn 


* 


Sample Descripticn 


E 937 


| EUTECTIC CORPORATION 


PHOTOMICROGRAPH RECORD 
DATE Nov,_7. 1973 


} 
Specimen # 2567 


Magnification 750 X 


= 


Etchant __Nene___ 


eee 


Project 


Process Cross section 


Sample Description 


——— 


Specimen #_25°2 


Magnification 755% 


“IEA ETE EE ETT — ee 
—e- nant Cenmmentenats 
‘ ) 


———, 


Etchant Corapclia's ceag 


o7 
per oN 
— 


Project 


Process Crocs Ss etios 


Sample Description 


E 938 
EUTECTIC CORPORATION 


PHOTOMICROGRAPH RECORD 


DATE Nov. _7,_1973 


Specimen #2570 


Magnification _730 % 


Etchant _None 


Project 


Process Crees Section 


Sample Description 


PP-66 Prercectec 
5 AlS5N 


Specimen # 2570 


Magnification __750 4 


Etchant Care-ellats "eac. 


Project 


Process Crors Section 


Sample Description 


{| PP-66 Prereacted 
5A195Ni 


Forin NO« 


E 939 


EUTECTIC CORPORATION 


PHOTOMICROGRAPH RECORD 
DATE _lfov. 7, 1973 


Specimen # 2566 
Magnification 750 4 
Etchant None reat 
Project 


Process Cross Secsion 


Sample Description 


Vv ot 165 € 


Specimen # ?°°6 
Magnification 720 x 
Etchant Car>ella's Seeg 
Project ‘ ne 


Process Crofts § cetion 


Sample Description 


Sproycd Ict 165 € 


SO MPI 2 Ry 


VE TPN TLS 


INTRODUCTION 
‘{ As is well known, the original theory behind the Ni/Al bonding mechanism 
J was that, in the flame spray, Al combines with Ni to form the inter- 
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Date ___ November_ 7, _1973____ 
___Mr. M, Patel 


From Mr. B. prachte1d/46 
Copies_Mr. J. Fs Quaa 


To 


Subject 
EXPERIMENTAL EVIDENCE FOR THE PRO 
POSED ag 2 THEORY OF Ni/Al POWDE 


BONDING 23904) 


metallic NiAl. In so doing heat 4s released which helps soften the pow- 
; der particles and thus enhances bonding onto the sprayed piece. As pre- 
| a _ + viously reported (8/14/70), X-ray diffraction analysis repulsed this 
theory in that no evidence of NiAl type compounds could be found in the 
_ sprpyed powder. However, oxides of Ni and Al were detected, Using this 
| exp@rimental evidence, a new theory was proposed by M. Patel which stated 
_° thac the most important reaction occurring in the flame spray was that of 
~, AI being oxidized to Al,0,. In so doing, it releases heat which helps 
|. the powder bonding - no wiAl intermetallic compounds needed to be formed. 


EXPERIMENT 
(| To substantiate this new theory, samples of sprayed NiAl powder (29904) 
were collected by M. Patel in which the spray distance varied from 4 to 


10 inches. X-ray diffraction analysis showed that all the sprayed samples 


1 ’ 
[| contained only Ni, NiO and A120. Next, the X-ray intensity ratio of 
spray distance. Looking at the attached graph, 


A1,0, to NiO was plotted vs 
it is immediatcly seen that the intensity ratio is a maximum at 7 inches - 


is - exactly the distance at which the optimum spray results are obtained. 
i 


as the spray distance is increased from 4 inches, © 
) the amount of Al 203 formed is increasing in relation to the NiO also being 
| formed. After reaching a maximum at 7 inches, the ratio decreases because 
all of the free Al has reacted to A120, while the Ni, being present in @ 
far greater émount, is still being converted to NiO. 


What is happening is that 


CONCLUSIONS 


{| "4. The bonding mechanism of Ni/Al powder does not depend on the formation 
of NiAl type intermetallic compounds. 


2. The Alg0,/NiO X-ray intensity ratio, peaking at 7", 4s experimental 
proof that the formation of A1,0 from free Al is one of the prime 


: prerequisites for good bonding of Ni/Al powder. 


(| ; ' 9, The bonding efficiency increases with increasing spray distance only 
| as long as there is free Al to be converted to Aloo,, 
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€T Jeni hl - Exothernic reiction yrorresres trrovghout catire pisce if 
preheated ond {hen ignited ct one cpot. 


RICHONE (*TTOUAY 23) end HL 


1 - hk coating stripped froa beec, prekcated ond ignited ct one 
gpot will react 9 (ST j1 «nd hl) exceat that preheat rust be higher, 
end the progrces of the rescticn through the piece 4s clowere 


2 - On 1/5" t steel teeing. Quick, local, ovorhee ting vill 
cause the corbinaticn revetion in the cpot overheated only the rcection 
will not progress through the revt of the coating. ; 


On 1/2" % stecl bi.cking Preher.ting to approx. 1209-1300° fF. 

end then Loualizing heat in one root triggered the recetion in tle overheated 
epot orly - the recetion cid not progress throvth the rest of the conting. a8 
the toren wee 10vcd, the rerted portion under the fleza reeetcd until ths 
entire pencl would no longs show ery revetion. I evio.ase thet, if the entire 
anel were prehesicd hot enowth, the reaction cold progress throvgh the cutize 
costing if triggescd by loccl ovyerherte 


Gr end Ad a 
(Nerdy CR - 140 eo sprayed on Coi:bustion Eng's Tubes). 


While the exothermic eovbinetion reaction epecrently oceurres upon 
heat treeting the Conb. Ing. Lurnecee {ubes, nv recetion sould be ovteincd 
here at the Lab. Stripecd coctirss tnd contings adhering to a cteci vsse Kers 
heetcd without eny reretion or yolwse cliunge occurrins. E-p12 cventitics oz 
Cr and Al porders, rixed, showcd some igus of tko combinetion reaction. 


Ni_end AL 


If heatcd slowly (conseratively) the ni-al sendxich will rot ignite 
end, having once been brovght uo to 1209° - 100° F, no further heating to 
eny terperature up to MP will cause eny reactione 


Rapid locel overheating of cne corntr of a ni-el serdvin-’ whl trisse? 
a feirly viclent exotheric reaction vith the resultent ellovir.y of th? ni ena 
Al. Tho entire TASS of the sheet will coulecce into pools of the elicy fo:7.24. 


F. J. Dittrich 
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